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УДК 811.113(075.8) 
 
 

 
Грицай, Н. А. Английский язык для специальных целей [Электронный 

ресурс] / Н. А. Грицай. – Электрон. дан. (80,1 МБ). – Минск : МГЭИ имени 
А.Д. Сахарова БГУ, 2016. – 1 электрон. опт. диск (DVD). 

Систем. требования (миним.) : Intel Pentium (или аналогичный процес-
сор других производителей) 1 ГГц ; 512 МБ оперативной памяти ; 500 МБ 
свободного дискового пространства ; привод DVD ; операционная система 
Microsoft Windows 2000 SP 4 / XP SP 2 / Vista (32 бит) или более поздние 
версии ; Adobe Reader 7.0 (или аналогичный продукт для чтения файлов 
формата pdf). 

 
 
Номер гос. регистрации в НИРУП «Институт прикладных программ-

ных систем» 1161608315 от 13.06.2016 г. 
 
 
Издание является электронным учебно-методическим комплексом по дисциплине 

«Английский язык для специальных целей для магистрантов специальности 1-33 81 02 – 

Радиобиология учреждения образования “Международный государственный 

экологический институт имени А.Д Сахарова” Белорусского государственного 

университета. ЭУМК включает 4 раздела (теоретический, практический, контроля знаний, 

вспомогательный) необходимые для освоения дисциплины. 

Целью ЭУМК является развитие компетенций в рамках стандарта данной специ-

альности: а именно: профессиональной, коммуникативной, прагматической, академиче-

ской, самообразовательной. 

 
 
 

© МГЭИ имени А.Д. Сахарова БГУ, 2016 
 
Содержимое ресурса охраняется законом об авторском праве. Несанкционированное копи-

рование и использование данного продукта запрещается. Встречающиеся названия программного 

обеспечения, изделий, устройств или систем могут являться зарегистрированными товарными 

знаками тех или иных фирм. 

 
Объем 80,1 МБ 
Минск: МГЭИ имени А.Д. Сахарова БГУ, 220070, Минск, ул. Долгобродская 23/1 
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ПОЯСНИТЕЛЬНАЯ ЗАПИСКА 
 
Происходящие сегодня в мире социально-экономические изменения 

ставят новые цели и задачи перед системой профессионально-
ориентированного иноязычного образования в учреждениях высшего образо-
вания Республики Беларусь. Такие личностные качества специалиста как ин-
дивидуальность, самостоятельность, образованность, неординарность, ини-
циатива, способность мыслить критически становятся неотъемлемыми атри-
бутами профессиональной компетенции будущего специалиста. 

На современном этапе иностранный язык из специальности все боль-
ше превращается в язык для специальности, являясь средством повышения 
не только уровня профессиональных знаний, навыков и умений, но и зна-
ний в рамках специальности существенных для формирования профессио-
нальной компетентности будущего специалиста. В данной связи особую 
актуальность приобретает практико-ориентированный подход к обучению 
иностранного языка в неязыковых вузах, который предусматривает форми-
рование у студентов способности иноязычного общения в конкретных, 
профессиональных и научных сферах и ситуациях общения с учетом осо-
бенностей профессионального мышления, то есть – практико-
ориентированное обучение. 

Сущность практико-ориентированного обучения иностранному языку 
заключается в его интеграции со специальными дисциплинами с целью по-
лучения дополнительных профессиональных знаний и формирования про-
фессионально значимых качеств личности. 

Реализация двухуровневой системы обучения, внедрение учебных про-
грамм на основе государственного образовательного стандарта, интеграция 
Республики Беларусь в мировое сообщество обусловливают необходимость 
пересмотра подходов к вопросам профессиональной подготовки студентов 
неязыковых вузов в области развития их иноязычной коммуникативной ком-
петенции. 

Языковая подготовка по иностранному языку является частью профес-
сиональной подготовки выпускника современного неязыкового вуза иннова-
ционного типа. Знание иностранного языка является одним из важных усло-
вий осуществления международного сотрудничества и повышения академи-
ческой и профессиональной мобильности. 

Целью преподавания дисциплины является формирование и развитие у 
студентов иноязычной практико-ориентированной коммуникативной компе-
тенции, необходимой для использования английского языка в учебной, науч-
ной и профессиональной деятельности, обучения в магистратуре и аспиран-
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туре, проведения научных исследований в области экономики, а также по-
зволяющей использовать профессиональный иностранный язык как средство 
межкультурного и профессионального общения. 

Достижение главной цели предполагает комплексную реализацию сле-
дующих целей: познавательной, воспитательной и практической, предпола-
гающей овладение иноязычным общением в единстве всех его компетенций, 
функций и форм, что осуществляется посредством взаимосвязанного обуче-
ния всем видам речевой деятельности, а также овладения технологиями язы-
кового самообразования. 

Практическая цель состоит в подготовке магистрантов к практиче-
скому использованию иностранного языка в профессиональной и личностной 
деятельности. 

Образовательная цель – это расширение знаний о стране изучаемого 
языка в области политики, национальной культуры и экономики, расшире-
ние кругозора студента, совершенствование культуры его мышления, обще-
ния и речи. 

Воспитательная цель – уважительное отношение к духовным и мате-
риальным ценностям не только народа своей страны, но других стран. 

Курс английского языка в рамках образовательной программы высшего 
образования второй ступени с углубленной подготовкой специалиста на-
правлен на формирование у студентов иноязычной коммуникативной компе-
тенции, которая рассматривается не как абстрактная сумма знаний, умений и 
навыков, а как «совокупность личных качеств студентов (ценностно-
смысловых ориентаций, знаний, умений, навыков и способностей) и опреде-
ляется как способность решать проблемы и самостоятельно находить ответы 
на вопросы, возникающие в процессе учебного, социально-культурного и 
профессионального или бытового общения на иностранном языке». 

Формирование иноязычной коммуникативной компетенции включает 
комплексное развитие коммуникативной, информационной, социокультур-
ной, прагматической, академической, самообразовательной и профессио-
нальной компетенций получающих образование языка в рамках образова-
тельной программы второй ступени с углубленной подготовкой специалиста. 

Коммуникативная компетенция проявляется в правильном распозна-
вании и использовании языковых средств для построения высказывания, а 
также в способности личности компенсировать дефицит языковых средств 
для обеспечения процесса общения. 

Информационная основывается на умениях извлекать нужную ино-
язычную информацию из различных источников, оценивать ее и передавать 
ее содержание в соответствии с поставленной целью, а также продуктивно 
пользоваться ресурсами международной информационной сети. 
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Социокультурная компетенция проявляется в знании законов, обы-
чаев, культурных традиций и менталитета страны изучаемого языка и уме-
нии адекватно представлять культуру своей страны средствами английского 
языка. 

Прагматическая компетенция проявляется в умении адаптировать 
свое высказывание к ситуации речевого общения, а также умении строить 
ясные, логичные высказывания, пользуясь необходимым набором средств 
коммуникации, иногда допуская паузы в больших по объему высказываниях. 

Академическая компетенция представляет собой способности приме-
нять профессиональные знания и умения на практике и осуществлять иссле-
дования в различных областях (экология, биология, медицина), в том числе 
научной, вырабатывать научную концепцию решения профессиональной 
проблемы, генерировать новые идеи, формулировать научные гипотезы. 

Самообразовательная основывается на способности пополнять знания 
и доучиваться в процессе самостоятельной поисковой и творческой деятель-
ности. 

Профессиональная предполагает знание терминов, клише, а также на-
выки и умения применения этих знаний при осуществлении профессиональ-
но направленного общения. 

В задачи обучения входит комплексная реализация познавательной, 
развивающей, воспитательной, и практической целей предполагает овладе-
ние иноязычным общением в единстве всех его компетенций, функций и 
форм, что осуществляется посредством взаимосвязанного обучения всем ви-
дам речевой деятельности, а также овладения технологиями языкового само-
образования. 

Электронный учебно-методический комплекс (далее – ЭУМК) предна-
значен для работы по дисциплине «Английский язык для специальных це-
лей» и ориентирован на обучающихся второй ступени практико-
ориентированной магистратуры МГЭИ имени А.Д. Сахарова БГУ, специаль-
ность 1-33 81 02 «Радиобиология». 

Целью ЭУМК является развитие компетенций в рамках стандарта дан-
ной специальности: а именно: профессиональной, коммуникативной, прагма-
тической, академической, самообразовательной. Для развития указанных 
компетенций предусматриваются следующие виды учебной деятельности: 
самостоятельная работа с аутентичной литературой в рамках тем, предусмот-
ренных программой: чтение, перевод, извлечение и переработка информа-
ции, составление письменных эссе, аннотации, реферата; выполнение языко-
вых и речевых упражнений и заданий; подготовка устных монологических 
сообщений в рамках общенаучных и узко профессиональных интересов обу-
чающихся, работа с аудио и видео информацией, а также многое другое. 
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В качестве стратегической установки предлагаемого ЭУМК выступает 
формирование коммуникативной компетенции, обеспечивающей участие бу-
дущих специалистов в разных сферах межкультурной коммуникации, в пер-
вую очередь, в ситуациях общенаучного и профессионального устного и 
письменного общения. 

Формирование коммуникативной компетенции предполагает соблюде-
ние ряда принципов, которые четко изложены в рекомендациях, входящих в 
состав ЭУМК и ориентируют на определенные виды и приемы учебно-
познавательной деятельности. 

Структура ЭУМК соответствует требованиям положения «Об учебно-
методическом комплексе по дисциплине», утвержденного приказом ректора 
БГУ от 10.10.2013 №497 ОД. 

ЭУМК состоит из 4 частей: теоретической, практической, контроля 
знаний и вспомогательной. 

В теоретической части размещены учебно-методические материалы, 
презентации, теоретические статьи по изучаемым темам. Практическая часть 
состоит из практических заданий по темам. В части контроля знаний вклю-
чен материал текущего контроля и материалы для аттестации (требования и 
материалы к зачету). Вспомогательная часть содержит программу дисципли-
ны, дополнительные материалы для самостоятельной работы. 

ЭУМК составлен с учетом всех требований, предъявляемых к учебно-
методическим материалам подобного рода, и рекомендуется для использова-
ния в процессе изучении дисциплины «Английский язык для специальных 
целей» в практико-ориентированной магистратуре по специальности 1-33 81 
02 «Радиобиология» в МГЭИ имени А.Д. Сахарова БГУ. 
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ТЕОРЕТИЧЕСКИЙ РАЗДЕЛ 
 
Учебно-методические материалы: 
 

 A scientific article. 
 

 Bologna process. 
 

 How to make a presentation. 
 

 Teamwork. 
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ПРАКТИЧЕСКИЙ РАЗДЕЛ 
 
Учебно-методические материалы: 
 

 

Грицай, Н.А. Учебно-методическое пособие для 
подготовки к кандидатскому экзамену по общеобра-
зовательной дисциплине «Иностранный язык» (Анг-
лийский) в МГЭИ им. А.Д. Сахарова БГУ / Н.А. 
Грицай, Т.Г. Ковалева. – Минск : МНЭИ им. А.Д. 
Сахарова, 2016. 

 

 
Murphy, R. English Grammar in Use. – 3rd Edition. – 
Cambridge University Press, 2004. – 379 p. 

 

 
Radiation biology: a handbook for teachers and students 
/ IAEA. – Vienna, 2010. – 151 p. 

 

 
Think first certificate / Jon Nauntton. – Longman, 1996. 
– 140 p. 
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РАЗДЕЛ КОНТРОЛЯ ЗНАНИЙ 
 
Материалы к промежуточному/итоговому контролю знаний и  

текущей аттестации: 
 

 Терминологический словарь: текущий контроль. 
 

 
Вопросы для подготовки к зачету по учебной  
дисциплине. 

 

 Требования к экзамену. 
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ВСПОМОГАТЕЛЬНЫЙ РАЗДЕЛ 
 
Учебно-программная документация: 
 

 Английский язык для специальных целей : учебная 
программа учреждения высшего образования по 
учебной дисциплине для специальности 1-33 81 02 
Радиобиология. Рег. № УД-565-16/уч. – Минск : Ме-
ждународный государственный экологический ин-
ститут им. А. Д. Сахарова БГУ, 2016. – 16 с. 

 

 
Учебно-методическая карта учебной дисциплины для 
заочной формы получения высшего образования. 

 

 
Список рекомендуемой литературы и Интернет-
ресурсов. 
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FOREWORD 


Knowledge of the radiobiology of normal tissues and tumours is a core prerequisite for the 
practice of radiation oncology. As such the study of radiobiology is mandatory for gaining 
qualification as a radiation oncologist in most countries. Teaching is done partly by qualified 
radiobiologists in some countries, and this is supplemented by teaching from knowledgeable 
radiation oncologists. In low and middle income (LMI) countries the teachers are often 
radiation oncologists and/or medical physicists. In Europe, a master’s course on radiobiology 
is taught jointly by a consortium of five European Universities. This is aimed at young 
scientists from both Western and Eastern Europe, training in this discipline. Recently the 
European Society for Therapeutic Radiology and Oncology (ESTRO) initiated the launch of a 
radiobiology teaching course outside Europe (Beijing, 2007; Shanghai, 2009).  


Radiation protection activities are governed by many regulations and recommendations. 
These are based on knowledge gained from epidemiological studies of health effects from low 
as well as from high dose radiation exposures. Organizations like the International 
Commission on Radiological Protection (ICRP) have put a lot of effort into reviewing and 
evaluating the biological basis to radiological protection practices. Personnel being trained as 
future radiation protection personnel should have a basic understanding of the biological and 
clinical basis to the exposure limitations that they are subject to and that they implement for 
industrial workers and the public at large. It is for these reasons that aspects of Radiobiology 
related to protection issues are included in this teaching syllabus. 


In LMI countries, many more teachers are needed in radiobiology, and the establishment of 
regional training centres or special regional training courses in radiobiology, are really the 
only options to solve the obvious deficit in knowledge of radiobiology in such countries. 
Radiobiology teaching courses organized or sponsored by the IAEA are oversubscribed, and 
the students themselves confirm the great need for this type of teaching. Requests have been 
received from a number of countries in all regions asking for the IAEA to help organize 
radiobiology teaching.  More qualified professionals are also needed for this exercise. Already 
there are some initiatives e.g. an IAEA project produced in 2007 a distance-learning course in 
the Applied Sciences of Oncology (ASO) for Radiation Oncologists (also available on the 
IAEA-website since 2008) including 10 modules in radiobiology.  


This handbook for teachers and students was formulated based on the recommendations of a 
Consultants Meeting on International Syllabus for Radiobiology Teaching held 12-14 
December 2005 in Vienna, Austria. Whilst this information is available in various books and 
other reports, it is summarized and collated here so that the whole document has a degree of 
completeness. This should be helpful in particular to those countries that do not have easy 
access to appropriate books and reports. Comments and suggestions on this syllabus as a 
teaching tool were sought from committees of the ESTRO and ASTRO (American Society for 
Therapeutic Radiology and Oncology).  


This handbook is written in two parts:  


(a) Teaching programme including a common basic radiobiology education and teaching 
programme for radiation oncologists, radiation therapy technologists, diagnostic radiologists, 
radiation biologists, medical physicists, radiation protection officers and other disciplines 
involved in radiation activities. This will take 1 week of teaching (30 hours), including a 
practical or tutorial session at the end of each day. This is followed by a further week of 


 







advanced teaching for radiation oncologists, and a further 3 days for radiation protection 
personnel.  


(b) Minimal Essential Syllabus for Radiobiology and two extra modules for radiation 
oncologists and radiation protection personnel, respectively. For each discipline, the basic 
module and an extra module would constitute the minimum essential syllabus and teaching 
requirements. It is hoped that this handbook for teachers and students will fulfil the needs of 
the Member States and serves the basis for regulatory requirements in these countries. 


The IAEA officer responsible for this publication is J. Wondergem of the Division of Human 
Health. 
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1. TEACHING PROGRAMME  


A.  MINIMUM ESSENTIAL MODULE FOR RADIOBIOLOGY (1 WEEK/30 
HOURS) 


Day 1 (including practical/tutorial 1) 


Introduction 


Physics and Chemistry of radiation interaction with matter  


a) Interactions of electromagnetic radiations with matter, photoelectric effect, compton 
scatter, pair production, dependence on photon energy, dependence on Z (atomic 
number) of absorbing material, distribution of energy deposition (scale), half value layer  


b) Interactions of particles with matter, electrons, energy dependence, alpha particles, 
neutrons  


c) Linear energy transfer (LET)/Relative biologic effectiveness (RBE)  


d) Definition of dose; gray (Gy) 


e) Principles of dosimetry Ionization chambers, Themoluminescent dosimetry (TLD)  


f) Radiation Chemistry of water  


g) Formation and reaction of free radicals with oxygen, scavengers:  


• Direct/Indirect effects of radiation on macromolecules  


• Concept of chemical restitution/competition 


Day 2 (including initiating practical/tutorial 2 and 3) 


Molecular cellular radiobiology  


a) Types of radiation lesions to deoxyribonucleic acid (DNA) and repair: base damage, 
single strand breaks (SSB), double strand breaks (DSB), mechanisms of repair, 
molecular role of e.g. protein53 (p53), ataxia teleangiectasia mutated gene (ATM) 


b) Effects on chromosomes – use in biodosimetry  


c) Radiobiological definition of cell death and cell survival 


d) Manifestations of radiation-induced cell death (apoptosis, necrosis, mitotic catastrophe, 
senescence) 


e) Survival curves and models, clonogenicity (main criterion), limitations of determination 
of cell numbers at a fixed time 


f) Cell cycle: sensitivities in different phases, and cell cycle checkpoints 
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g) RBE – cell survival – change in slope and shoulder of survival curve, dependence of 
RBE on dose 


h) Cellular repair: sub lethal damage repair (SLDR)/potential lethal damage repair (PLDR) 
cell survival, half time of repair 


i) Dose rate effects: dependence on repair and proliferation 


j) Chemical modifiers Oxygen effect: radiation sensitizers/protectors 


k) Other cellular targets, e.g. membranes, mitochondria  


l) Bystander effects at low doses 


Day 3 (a.m.) (continuing of practicals/tutorials 2 and 3) 


Tumour radiobiology including tumour growth and micro-environmental effects  


a) Tumour growth characteristics; e.g. exponential growth 


b) Dependence of tumour cure probability on dose, tumour size, fractionation, overall 
treatment time  


c) Tumour stem cells/clonogenic tumour cell inactivation. Poisson statistics of tumour 
cure.  


d) Time factor in radiotherapy  


e) Palliative radiotherapy (tumour growth delay)  


Day 4 (including practical/tutorial 4) 


Normal tissue effects  


a) Concept of damage manifested early versus late: underlying mechanisms e.g. oxidative 
stress and cell kinetics  


b) Early effects:  


• Clinical manifestation  


• Time course and dose response, latency  


• Hypoplasia due to cell killing  


• Interacting factors: inflammation, cytokines  


• Dose/dose-rate/time/fractionation dependence  


c) Late effects:  


• Clinical manifestation  
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• Time course and dose response, latency  


• Dependence on fraction size  


• Chronic inflammatory responses  


• Micro vascular injury fibrosis  


• Consequential late effects  


d) Whole body exposure  


• Radiation syndromes 


Day 5 a.m. 


Radiation Carcinogenesis  


a) A-bomb survivors: leukaemia, solid tumours, dose dependence, dependence on age at 
exposure, concept of relative versus absolute risk 


b) Mechanisms of multistage carcinogenesis. In vitro transformation, animal models, 
radiation-induced mutations 


c) Dose response relationship, dose-rate and latency in humans, organ dependence, 
estimation of radiation risk  


d) Definition of Sievert (Sv), organ weighting factors 


Day 5 a.m. 


Radiation Effects in Utero  


a) Types of injury  


b) Dependence on stage of pregnancy  


c) Protection of the embryo 


d) Dose response for mental retardation  


Radiation Induced heritable damage  


a) Mutations 


b) Doubling dose 


c) Risk estimation, single gene disorders and multi-factorial diseases 
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Practicals/Tutorials 


a) Dosimetry with ionization chambers; shielding  


b) Chromosome aberrations in irradiated lymphocytes (0-3 Gy) – dicentrics and 
micronuclei 


c) Data analysis for cell survival curves; scoring colonies  


d) Data analysis of in vivo fractionation studies: skin, Gastro-intestinal tract, kidney, spinal 
cord. 


B. EXTRA MODULE FOR RADIATION ONCOLOGISTS (40 HOURS – 
INCLUDING 10 HOURS PRACTICALS) 


Day 1 (including practical/tutorial) 


Introduction 


Physics  


a) Dosimetry in radiotherapy 


b) Depth doses for photons, electrons, protons and heavy particles (concept of Bragg 
peak), particle therapy 


c) Isodose curves (fraction doses adding up, contrast with isoeffect curves, not linear), 
dose volume histograms 


d) Boron Neutron Capture Therapy (BNCT), requirement for preferential boron uptake in 
tumour, concern re-vascular uptake, poor characteristics of penetration of thermal 
neutron beams  


e) Physics of radioimmunotherapy, use of different isotopes, problems of tissue 
distribution, dose calculations 


Molecular and cellular Biology  


a) Principles of some common techniques e.g. immunoblotting, microarrays, proteomics 
(2-D gels) 


b) Techniques to modify gene expression 


c) DNA/Chromatin structure and function; (De)-methylation, (De)-Acetylation 


e) Regulation of transcription, translation and post-translational modification, e.g. 
glycosylation, meristylation  


f) Cell signalling – signalling cascades Receptor/ligand interactions; 
phosphorylation/dephosphorylation reactions  


g) Oncogenes and Tumour suppressor genes  
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h) Mechanisms of action of some signal-transduction therapeutic Agents e.g. Epidermal 
growth factor receptor (EGFR) inhibitors, Ras inhibitors, Farnesyltransferase inhibitors 
(FTI). 


i) Radiation effects on cell signalling, e.g. EGFR pathway 


The cell cycle (and signal transduction pathways) 


a) Cell cycle description  


b) Methods to determine cell cycle parameters, e.g. flow cytometry – DNA staining and 
bromo deoxyuridine (BrdU)  


c) Control of cell cycle: cyclins, cyclin dependent kinases (CDKs), cyclin dependent 
kinase inhibitors (CDKIs), role of p53 


d) Radiation-induced cell cycle checkpoints 


Day 2 (including practical/tutorial) 


Cell death mechanisms  


a) Radiobiological definition of cell death (loss of reproductive ability- reproductive 
death), abortive cell divisions after irradiation  


b) Apoptosis – Developmental and stress induced, morphological and biochemical 
features, molecular pathways  


c) Necrosis – Morphological, pathological, and biochemical features  


d) Mitotic Catastrophe – Morphology 


e) Cell senescence and radiation-induced differentiation 


DNA damage and repair 


a) Types of lesions and frequency per cell per Gy  


b) Multiple damaged sites (clustered damage)  


c) Types and Molecular mechanisms of DNA repair:  


• Base damage  


• Single strand breaks  


• Double-strand breaks: homologous recombination repair (HR), non-homologous 
end-joining (NHEJ)  


• Repair of cross-links  


• Mutations affecting repair (ATM etc)  


• Molecular responses to DNA damage (p53, ATM, etc)  
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d) Principles of assay techniques – elution, electrophoresis including comets, repair foci, 
plasmid-based assays 


Other molecular targets 


a) Membranes (Oxidative damage, lipid peroxidation, sphingomyelinase activation in 
endothelial cells). 


b) Activation of stress response genes, radiation induced signal transduction 


Cell survival curves  


a) Colony formation assays versus cell viability assays  


b) Dose-survival relationships  


c) Linear-quadratic model; two component exponential model, definition of survival curve 
parameters 


d) Sub-lethal and potentially lethal damage repair, half time of repair and incomplete 
repair, effect of unequal fraction size on repair  


e) Dose rate and fractionation effects  


f) Oxygen effect – level, time scale, mechanisms  


g) LET versus OER and RBE; Radio-sensitizers, protectors 


h) Low dose hypersensitivity, induced radio-resistance, mechanisms 


i) Bystander effects, mechanisms 


Day 3 (including practical/tutorial) 


Tumour biology and host/tumour interactions 


a) Growth kinetics of experimental tumours and cancer in patients, impact of tumour 
pathology, tumour progression, metastatic spread 


b) Vasculature, angiogenesis and tumour microenvironment  


c) Hypoxia – Oxygen measurement techniques, radiobiological-hypoxic fractions, 
acute/transient (perfusion-limited) versus chronic (diffusion-limited) hypoxia 


d) Mechanism of reoxygenation, hypoxic cell radiosensitisers, bioreductive agents 


e) Methods of correction of hypoxia-associated radioresistance in tumours: high LET 
radiotherapy, hypoxic cell radiosensitizers, increased oxygen concentration in breathing 
air, correction of anaemia 


f) Tumour response assays – tumour cure 50 (TCD50), threshold dose (TD50), in vivo/in 
vitro colonies, tumour regrowth delay, (TGD), in vitro tumor models (e.g. spheroids), 
human tumour Xenografts and isogeneic/ transgenic mouse tumours 
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g) Differences between tumour types 


h) Virally-associated cancers, molecular and biological basis to induction and radiation 
response of virally-associated cancers e.g. human papiloma virus (HPV) and cervix 
cancer, Epstein-Barr virus (EBV) and nasopharynx cancer, HBV and liver cancers, HIV 
and the Acquired Immuno-Deficiency Syndrome (AIDS)-defining and associated 
malignancies 


Day 4 (including practical/tutorial) 


Radiobiology of Normal Tissue damage 


a) Early normal tissue damage: 


• Pathogenesis in critical normal tissues (skin, G-I tract mucosa, bladder, bone marrow), 
kinetics/latency cell turnover and stem cell function, role of inflammation, cytokines, 
reactive oxygen species 


• Dose response. 


b) Late normal tissue damage:  


 Pathogenesis in critical normal tissues (Lung, heart, central nervous system (CNS), skin, 
kidney, liver, G-I tract, bladder, salivary gland) kinetics/latency cell turnover 


• Role of inflammation, cytokines, reactive oxygen species  


• Microvascular damage, fibrosis, ischaemia and atrophy  


• Functional vs. structural damage  


• Growth factors and stimulated regeneration (including stem cells)  


• Concept of normal tissue tolerance  


• Over-reacting patients - radiosensitivity syndromes  


• Concept of functional subunits – parallel and serial organisation  


c) Second cancers in radiotherapy patients  


d) Conditioning for bone marrow transplantation 


Time-Dose Fractionation 


a) The 5 Rs of fractionated radiotherapy (Repair, Repopulation, Radiosensitivity, 
Redistribution, Reoxygenation) 


b) Isoeffect curves  


c) Linear-quadratic (LQ) parameters, biological effective dose (BED), linear-quadratic 
equivalent dose (LQED)  
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d) Residual injury and re-treatment 


e) Accelerated repopulation in tumours and normal tissues, time factor in radiotherapy 


f) Therapeutic ratio 


g) Concept of tumour control probability (TCP) and normal tissue complication probability 
(NTCP) models 


h) Modified Fractionation (Hyper-, Hypo-, Accelerated. Concomitant boost) 


i) Radiobiology of resource-sparing protocols, e.g. for palliative treatments 


Brachytherapy  


a) Radiobiological principles  


b) Half time of repair  


c) Dose distribution  


d) Volume specification 


Volume Effects  


a) Isoeffect versus iso-tolerance 


b) Radiobiological interpretation of dose-volume histograms 


c) Volume considerations of functional versus structural damage 


d) Conformal and intensity modulated radiation therapy (IMRT) techniques 


Day 5 (including practical/tutorial) 


Principles of combined radiation and drug treatments 


a) Spatial cooperation versus interactive effects 


b) Different toxicities in tumour and normal tissues 


c) Possible mechanisms of interaction  


d) Principles of clinical use including concurrent and sequential treatments, role of 
chemotherapy in consequential late radiation toxicity, late cardiac effects 


e) Tumour micro-environmental effects in chemotherapy  


Biological and novel therapies 


a) Biological therapies and their mechanism of action  


b) Novel targets for anti-cancer drugs including vasculature and cell signal control and 
oncogene products  
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c) Bioreductive drugs, antibody-directed enzyme prodrug therapy (ADEPT) 


d) Photodynamic therapy  


e) Gene therapy, gene-directed enzyme prodrug therapy (GDEPT), radiation-induced gene 
expression including molecular switching techniques 


f) Radioimmunotherapy and targeted radiotherapy 


Day 6 (including practical/tutorial) 


Predictive Assays 


a) Rationale for normal tissues and tumours – intrinsic radiosensitivity, surviving fraction 
at 2Gy (SF2), cell kinetics, and hypoxia  


b) Molecular, subcellular, cellular and non-invasive tests  


c) Results to date  


d) Future possibilities, e.g. gene expression profiling  


Clinical Radiobiology of common cancers 


a) Radiobiological issues in the treatment of the common cancers such as cervix, head and 
neck, lung, breast, prostate 


b) Resistance mechanisms and clinical radiobiology  


c) Cervix cancer, SF2, Hypoxia, Repopulation, Brachytherapy and external beam 
treatments, BED, LQED calculations  


d) Head and neck cancer, optimum fractionation schedules, volume effects –Morbidity 
scoring scales, salivary gland sparing, role of brachytherapy 


e) Lung cancer e.g. biological imaging of target volume using positron emission 
tomography (PET), accelerated radiotherapy. Radiochemotherapy schedules  


f) Breast cancer e.g. role of hypofractionation and brachytherapy, cardiac effects, 
antiestrogens and radiation toxicity 


g) Prostate cancer e.g. role of hypofractionation and brachytherapy, dose escalation, 
biochemical relapse 


Practicals/Tutorials 


• DNA Laboratory techniques: practical demonstrations of some of the techniques from 
the above lectures e.g. comet assay, micronuclei, flow cytometry (DNA analysis), gel 
electrophoresis 


• Survival curves in practice: practical session on the shapes of survival curves, and 
their importance in various clinical scenarios 
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• Analysis of scoring of normal tissue damage: LENT/SOMA versus RTOG/EORTC 
scoring systems, head and neck squamous cell carcinoma (HNSCC), Cervix Ca 


• LQ model: BED, LQED, α/β ratio values: 


 a) Fractionation calculations in practice  


 b) Physical dose distribution and biological response distribution  


c) Combined brachy/teletherapy treatments; compensations for interruptions in 
treatment 


 d) Importance of treating all fields per day 


e) Influence of radiation source decay with respect to repair half-time and dose 
effectiveness 


 f) Clinical impact of errors in dose delivery  


• Critical reading of relevant literature  


C. EXTRA MODULE FOR RADIATION PROTECTION PERSONNEL (20 HOURS 
- 1 DAY ACCIDENTS, 1 DAY CARCINOGENESIS, 1 DAY REMAINDER) 


Day 1 (including practical/tutorial) 


Introduction 


Environmental radiation exposure and radiation accidents 


Dose estimation: 


a) Retrospective dose estimation for past exposures: e.g. for A–bomb survivors, 
populations exposed by the Chernobyl accident, the Techa River pollution, the 
Semipalatinsk test site. 


b) Radioecology: atmospheric dispersion, deposition (wet and dry), uptake in food chain, 
dose commitment from internal and external exposure. Relevant radioisotopes (Cs, I, Sr) 


c) Biological dosimetry in accidental exposures: Stable and unstable chromosome 
aberrations (lymphocytes, haemoglobin and glycophorin-A (GPA) mutations) 


Diagnosis and medical management of radiation syndromes  


a) Lethal dose-50 (LD-50): laboratory experiments and human estimates 


b) Radiation syndromes (Neurovascular, Heamatopoeietic, Cutaneous and G-I tract 
syndromes) 


c) Diagnosis and medical management of radiation Accidents: Radiobiological rationale 
for therapeutic strategies such as barrier nursing, bone marrow stem cell transplantation, 
cytokine treatment  


d) Methods of triage for treatment after a radiation accident:  
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• Acute symptoms (vomiting, diarrhoea, hair loss, nausea)  


• Laboratory tests (Lymphocytes count and granulocyte count) 


Day 2 (including practical/tutorial) 


Radiation Carcinogenesis 


a) Molecular mechanisms of multistage carcinogenesis:  


• Initiation, promotion, progression  


• Activation of oncogenes (i.e. genetic rearranged)  


• Inactivation of suppressor genes (e.g. p53), loss of heterozygosity (LOH), 
polymorphisms  


• Genomic instability, mini and microsatellites  


• Genetic susceptibility to radiation-induced cancer (e.g. Retinoblastoma (Rb) gene)  


b) Epidemiological evidence for radiation carcinogenesis:  


• Epidemiological methods, cohort studies and case control studies 


• Bomb survivor life-span studies: mortality and cancer incidence – design of study, 
results, dose response, latency, absolute vs. relative risk) 


• Patients treated for benign diseases such as ankylosing spondylitis, mastitis, tinea 
capitis 


• Tuberculosis patients undergoing multiple fluoroscopy 


• Radon exposure of hard-rock miners or in homes, interaction with smoking 


• The influence of age at exposure and gender on incidence and latency  


• Dose-response relationships for radiation-induced leukaemia and cancers, particularly 
at low doses. Limitations of epidemiological studies 


• The influence of dose rate Absolute vs. relative risk models 


• Life time risk extrapolations 


Heritable effects 


a) Methods to determine radiation-induced rates of single gene mutations  


b) Doubling dose at low dose, low dose rate irradiation 


c) Critical germ cell stages for heritable radiation damage  


11







d) Factors affecting the risk of heritable radiation damage: mutational component, potential 
recoverability correction factor  


e) Risk estimation for single gene disorders and multifactorial diseases  


Effects on the developing embryo 


a) Intrauterine death, congenital malformations, and neonatal death, microcephaly, severe 
mental retardation, growth retardation  


b) Dependence on gestational age of radiation effects on the embryo or foetus 


c) Dose dependence of risk of severe mental retardation after exposure in weeks 8-15 and 
weeks 16-25, evidence for thresholds 


d) Protection of the embryo in diagnostic radiology and from occupational exposure 


Day 3 (including practical/tutorial) 


Radiation protection  


a) Effective and committed dose, definition of sievert (Sv), organ weighting factors, linear 
no-threshold (LNT) model 


b) Dose limits for occupational and public exposures and their justification. 


c) Dose limits for stochastic and deterministic effects 
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2. MINIMUM ESSENTIAL SYLLABUS FOR RADIOBIOLOGY 


2.1. Introduction 


This is expected to comprise 1 week of teaching of around 30 hours including discussion 
periods, practical sessions, tutorials, and revision using distance-learning and other texts in 
the student’s own time.  


2.2. Physics and chemistry of radiation interactions with matter 


2.2.1. Sources of ionizing radiation 


Ionizing radiations may be emitted in the decay process of unstable nuclei or by de-excitation 
of atoms and their nuclei in nuclear reactors, X ray machines, cyclotrons and other devices. 
During radioactive decay gamma rays are often produced alongside other types of radiation 
such as α or β rays. When a nucleus emits an α or β particle, the daughter nucleus is 
sometimes left in an excited state which, after de-excitation, returns to a lower energy level by 
emitting a γ ray in much the same way that an atomic electron can jump to a lower energy 
level by emitting visible light. Both natural background radiation from cosmic and terrestrial 
sources, and man-made radiations, cause ionization of atoms or molecules, which may cause 
injury to cells.  


Living organisms are continuously exposed to ionizing radiations from natural radiation. In 
addition, exposures occur as a result of human activities and medical practices. Radiations are 
broadly categorized into natural and man-made sources (Table 2.1). More than 90 % of 
radiation exposure to man occurs from natural sources e.g. cosmic rays, and terrestrial sources 
that comes from radionuclides in the earth’s crust, air, food and water and the human body 
itself. Man-made radiation exposure to populations occurs mainly from medical uses of 
radiation and radioisotopes in health care, occupational sources in the generation of electricity 
from nuclear power reactors, industrial uses of nuclear techniques, and in the past from 
nuclear weapons testing. Use of ionizing radiation in medical diagnosis and therapy is 
widespread and constantly increasing due to useful newer health care applications. It is widely 
accepted that diagnostic radiation exposures can be significantly reduced by adequate safety 
measures and optimization of nuclear-based procedures and practices. 
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TABLE 2.1 AVERAGE ANNUAL EFFECTIVE DOSE OF IONIZING RADIATION TO 
INDIVIDUALS* (*as in year 2000) 


Source Dose (mSv) Range (mSv) 


Natural background   


External exposure 
Cosmic 
Terrestrial 


 
0.4 
0.5 


 
0.3 – 1.0 
0.3 – 0.6 


Internal Exposure 
Inhalation (mainly radon) 
Ingestion 
Total 


 
1.2 
0.3 
2.4 


 
0.2 – 10. 
0.2 – 0.8 
1 - 10 


Man-made (artificial) 
Medical 
Nuclear Testing 
Chernobyl accident 
Nuclear power production 
Total 


 
0.4 
 
0.002 
0.0002 
2.8 


 
0.04 – 1.0 
0.15 – decreasing trend 
0.04 – decreasing trend 
Decreasing trend 
1 - 10 


 


2.2.2. Types of ionizing radiation 


Ionizing radiation may be divided into directly and indirectly ionizing for the understanding 
of biological effects. Most of the particulate types of radiation are directly ionizing i.e. 
individual particles with adequate kinetic energy can directly disrupt the atomic structure of 
the absorbing medium through which they pass producing chemical and biological damage to 
molecules. In contrast, electromagnetic radiations, namely, X and γ rays, are indirectly 
ionizing because they do not produce chemical and biological damage themselves but produce 
secondary electrons (charged particles) after energy absorption in the material. 


 


Fig. 2.1 Schematic of the electromagnetic spectrum (Hall and Giaccia, 2006). 
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2.2.2.1. Electromagnetic radiation 


Electromagnetic radiation includes radiowaves, microwaves, visible light, ultra violet light, X 
rays and γ rays (Figure 2.1). These waves are essentially characterized by their energy which 
varies inversely with the wavelength. They can be thought of as moving packets of energy 
(quanta) and in this form are called photons. The quantum of energy associated with the 
waves progressively increases from radiowaves with least energy to X and with highest 
energy, and X and γ ray photons have the ability to eject an electron from its orbit in an atom 
(are ionizing radiations). Ionization is the process of removing one or more electrons from 
atoms by the incident radiation leaving behind electrically charged particles (an electron and a 
positively charged ion) which may subsequently produce significant biological effects in the 
irradiated material (Figure 2.2). The ionized or excited atom or molecule may either fragment 
producing free radicals or return to the parent state. If the energy transferred by ionizing 
radiation to the atom is insufficient to eject orbital electrons, the electrons may be raised from 
lower to higher orbitals and the atom is said to be excited. Other radiations of the 
electromagnetic spectrum fall short of the energy required to remove an electron from an 
atom and they are called non-ionizing radiations. Non-ionizing radiations are generally 
considered harmless to biological tissues at levels below those that cause heating effects, 
although there remain controversies in this area and research is ongoing. Cellular phones, 
radar, infrared, radiowaves, microwaves, visible light, ultrasound fall into this category. 
Because of the longer wavelengths and, therefore, smaller energy per quanta, they are not 
known to cause significant chemical changes in atoms or molecules of the medium. However, 
the exact demarcation between ionizing and non-ionizing radiation parts of the spectrum is 
somewhat arbitrary because some molecules can be ionized with very little energy, and far-
UV radiation can behave similarly to X and γ rays. 


 


Fig. 2.2 Direct versus indirect action (Hall and Giaccia, 2006). 
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2.2.2.2. Interactions of electromagnetic radiation 


When electromagnetic radiation travels through matter, it can be transmitted without 
transferring any energy or its intensity may be reduced by interaction with the traversed 
material. The attenuation occurs due to individual photon interactions with the atoms 
encountered. Biological effects arise when electromagnetic radiations, mainly X rays or γ 
rays, are either scattered or absorbed by the atoms of tissues/organs. Quantum theory 
considers electromagnetic radiation as streams of packets/bundles of energy called photons. 
The energy of a photon of electromagnetic radiation is given by Planck’s equation, where 


E = hν = hc/ λ 


E is the energy of the photon, h is Planck’s constant, and ν is the frequency of the photon. The 
energy of a photon is directly related to its frequency and inversely to wavelength, λ. Wave 
velocity is obtained by the product of frequency and wavelenth, c = λν, where c is the velocity 
of light.  


Biological effects of radiation arise when ionizing radiation interacts with an organism/tissue 
and leaves some energy behind. The process by which electromagnetic photons are absorbed 
in matter depends on their energy and the atomic number of the absorbing material.  


Photons passing through matter transfer their energy through the following three main 
processes: photoelectric absorption, Compton scattering, and pair production (Figure 2.3). 


 


 


Fig. 2.3 Dominant types of interactions as a function of the atomic number Z of the absorber 
and the energy of the photon radiation (Podgorsak, 2005). 
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2.2.2.3. Photoelectric absorption  


In photoelectric absorption, the photon interacts with a bound inner shell electron in the atom 
of the absorbing medium and transfers its entire energy to the electron ejecting it from the 
occupied atomic shell. The incident photon disappears and the energy transferred is used to 
overcome the binding energy of the electron and the remainder appears as kinetic energy of 
the resulting photoelectron. Thus, the kinetic energy of the ejected photoelectron equals the 
energy of the incident photon minus the binding energy of the electron.  


Kinetic Energy (electron) = hν – E b 


where hν is the energy of incident photon, and Eb is the binding energy of the electron. The 
ejected photoelectron travels a certain distance within the absorber and loses its energy 
through secondary ionizations. In this way, the entire photon energy of the incident photon is 
deposited in the tissue irradiated. As a result, an atom that participated in photoelectric 
interaction is left ionized. The vacancy created due to ejection of the electron is instantly 
filled by an electron from an outer orbital of the same atom, emitting the balance of energy as 
a photon between the respective orbits with characteristic low energy.  


The photoelectric effect is the dominant energy transfer mechanism for X and γ ray photons 
having energies below 50 keV in biological tissues, but it is much less important at higher 
energies. (An electron volt is a measure of energy which is the kinetic energy gained by an 
electron passing through a potential difference of one volt. 1 eV = 1.602 x 10 –19 Joules). 


2.2.2.4. Compton scattering 


The process of energy deposition called the Compton Effect occurs when the incident photon 
interacts with the outer orbital electron whose binding energy is very low compared with that 
of the incident photon. In this interaction, the incident photon transfers energy to an atomic 
electron causing its ejection from the atom. The photon is scattered with the remainder of the 
original energy in a different direction to that of the incident photon. Compton scatter thus 
causes ionization of the absorbing atom due to loss of an electron. The scattered electron (a 
secondary charged particle) travels some distance in matter and eventually loses energy by 
further ionization and excitation events to become part of the material. The probability of 
Compton scattering decreases with increasing photon energy. It is the principal absorption 
mechanism for X and γ rays in the intermediate energy range of 100 keV to 10 MeV. This 
range is in the therapeutic radiation range, and it also forms most of the γ radiation present in 
a nuclear explosion.  


2.2.2.5. Pair production  


When a photon of high energy ( >1.02 MeV) interacts with atoms of the medium, the incident 
photon can be spontaneously converted into the mass of an electron and positron pair by 
interaction of the Coulomb force in the vicinity of the nucleus. The oppositedly charged 
particles are emitted in opposite directions to each other and cause damage as secondary 
charge particles. A positron is the anti-matter equivalent of an electron and it has the same 
mass as an electron, but it has a positive charge equal in strength to the negative charge of an 
electron. The energy of the interacting photon in excess of the equivalent rest mass of the two 
particles (1.02 MeV) appears as the kinetic energy of the pair and the recoil nucleus. The 
positron has a very short lifetime and, at the end of its range, it combines with a free electron. 
The entire mass of these two particles is then converted into two γ photons each of 0.51 MeV 
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energy emitted in opposite directions. The secondary electrons (or positrons) produced in any 
of these three processes frequently have enough energy to produce many further ionizations 
up to the end of their range.  


2.2.2.6. Dependence of absorption on atomic number  


The radiation energy deposition depends on the energy of the radiation and the atomic number 
(Z) of the absorbing material. The mass absorption coefficient of photoelectric absorption 
varies directly with the third power of the atomic number of the absorber (Z3). The effective 
atomic number of bone is about twice that of soft tissues, and the probability that a photon 
will be absorbed in bone is about six times that in an equal thickness of soft tissues. Bone is 
mainly comprised of calcium whereas soft tissues are comprised of low atomic number 
elements such as carbon, hydrogen and oxygen. On the other hand, the mass absorption 
coefficient for the Compton process is nearly independent of atomic number. Compton and 
photoelectric effects are vital for appropriate applications in X- ray diagnosis and cancer 
therapy. In radiotherapy, high-energy photons in the range of 1-10 MeV are preferred because 
absorbed dose is nearly the same in bone and soft issues whereas low energy photons are 
preferred in diagnosis because of the much desired large contrast in absorption of these 
tissues.  


2.2.2.7. Half value layer 


When an electromagnetic radiation like X or γ rays passes through matter, its intensity is 
gradually reduced or attenuated with increasing depth due to the energy deposition 
interactions. This results in a decrease of photons, mainly due to photoelectric absorption and 
Compton scattering processes. The probability for absorption in a layer of material is 
proportional to the mass density. For a monoenergetic beam of photons, a constant fraction 
decreases as the beam travels through each unit of thickness in the absorber. This results in an 
exponential decrease in intensity with an increase in the thickness represented by the 
following equation; 


I (x) = I0   e
- μx 


where I (x) = the intensity at thickness x, I0  = is the initial intensity on the surface of the 
absorber, μ = n×σ is the absorption coefficient measured in cm−1, n = the number of atoms per 
cm3 in the material, σ = the absorption cross section in cm2, and x = the thickness of material 
in cm. 


The thickness of absorber that reduces the photon intensity to one half is called the half value 
layer (HVL). Absorption of the beam depends on the mass and thickness of the absorber and 
the energy of the beam. Low energy photons are much more likely to be absorbed than high 
energy photons, for example the first 1.5 cm of water absorbs 40 % of 50 kVp X rays. The 
probability that a photon will interact with an orbital electron is optimum when its energy 
equals the binding energy of electron in the encountered atom. The total absorption 
coefficient of aluminium (Atomic No. 13) for γ rays plotted against photon energy shows that 
mostly Compton scattering dominates. In contrast, the total absorption coefficient of lead 
(atomic number 82) for γ rays, plotted against photon energy shows that the photoelectric 
effect dominates at low energies and pair production dominates above 5 MeV. Lead is often 
used to protect the body from radiation exposure because of its suitable HVL properties. 
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2.2.3. Particulate radiations 


Particulate radiations (e.g. α, β particles (electrons), protons, neutrons, ions), also produce 
their effects by causing ionization and excitation processes randomly in the atoms or 
molecules of the traversed material. The passage of charged particles, electrons and positively 
charged ions, causes intense damage (energy deposition) to molecules along the path in living 
tissue due to strong electrostatic interactions between the travelling particle and the electrons 
of the atoms of the medium.  


2.2.3.1. Charged elementary particles 


Protons with one unit mass and one positive charge, cause less damage than α particles 
(helium nuclei) because the rate of deposition of energy varies inversely in proportion to the 
velocity of the particle and directly in proportion to the square of the charge. At the same 
energy, α particles have lower velocity because of their higher mass and carry twice the 
charge of a proton. Radioactive materials often release α particles and because they are a 
highly ionizing form of particulate radiation they usually have low penetration. They quickly 
lose their energy and they penetrate only a few tens of microns in body tissue. They can be 
fully absorbed by a sheet of paper. Beta particles (β, electrons) are also emitted by radioactive 
nuclei, as well as being displaced from atoms and molecules by X and γ rays as discussed 
above. They carry a single negative charge but their path in absorbing materials such as tissue 
is erratic due to their light mass (approx 1/2000 that of a proton). High energy electrons ionize 
much less efficiently than α particles because of their lower mass (and resulting higher 
velocity) and lower charge. Therefore, they penetrate tissues to a greater depth than α 
particles. Generally, beta particles do not penetrate further than the skin of the human body. 


2.2.3.2. Uncharged particles 


Neutrons (n) are uncharged particles with a mass very similar to that of a proton and are an 
indirectly ionizing radiation because without a charge they cannot participate in electrostatic 
interactions. At the same mass and energy, neutrons are more penetrating than are charged 
particles. Although neutrons do not interact strongly with electrons of atoms in the traversed 
material and do not directly ionize atoms, they do cause a density of ionization that is, far 
greater than in the case of X rays. Neutrons interact with the atomic nuclei of the medium and 
they lose energy by different interaction processes depending on their energy (velocity) and 
the mass of the encountered nucleus. In soft tissues, because of the abundance of protons with 
mass equal to that of neutrons, fast neutrons (>1 MeV) mostly lose energy by elastic 
scattering through collision processes producing high energy recoil protons, which in turn 
deposit energy by electrostatic interactions with electrons in the tissue as described above. 
Neutrons begin to interact by inelastic scattering at energies above 6 MeV, and fast neutrons 
may interact with carbon and oxygen nuclei producing α particles, recoil protons and heavy 
nuclear particles.  


Fast neutrons can be made into thermal neutrons via a process called moderation. In reactors, 
typically heavy water, light water, or graphite are used to moderate neutrons. Thermal 
neutrons have a much larger effective cross-section than fast neutrons, and, therefore, can be 
absorbed more easily by any atomic nuclei with which they collide, creating a heavier and 
often unstable isotope of the irradiated element. Most fission reactors use a neutron moderator 
to slow down, or thermalize the neutrons that are emitted by nuclear fission so that they are 
more easily captured, causing further fission. This ability of neutrons to produce radioactive 
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nuclei (neutron activation) which then produce ionizing radiation by their decay can be used 
to analyse the atomic composition of certain materials. 


2.2.3.3. Ions 


The nuclei of carbon, neon, silicon, argon atoms form charged ions when one or more orbital 
electrons have been stripped off. These can be accelerated to hundreds of MeV energies in 
special accelerator facilities. High energy charged ions offer special advantages in cancer 
radiotherapy because of the energy distribution along their track which has a high peak at its 
end (the Bragg peak). This allows the possibility of depositing high energy densities at depth 
in tissue but these facilities are as yet very limited on account of high costs and sophisticated 
technical requirements.  


2.2.4. Linear energy transfer 


When ionizing radiations traverse through matter, they lose energy gradually through various 
interaction processes along the length of their path. For a particular absorber, the rate of loss 
of energy depends on the energy and type of radiation as well as the density of the material 
(Table 2.2). The density of energy deposition in a material such as tissue is called the Linear 
Energy Transfer (LET) of the radiation. It is defined as the average energy deposited per unit 
length of track of radiation and the unit is keV/ μm. Note that the LET varies along the length 
of the track of charged particles because as the charged particle deposits energy in tissue it 
slows down. The rate of transferring energy (-dE/dX, loss of energy per unit distance) 
increases as this occurs, such that there is a peak of energy deposition at the end of the track 
(the Bragg peak). LET essentially indicates the quality of different types of radiation and is 
important because the biological effect of a radiation (its relative biological effectiveness, 
RBE) depends on its average LET. Charged particles generally have higher LET than X and γ 
rays because of their greater energy deposition along the track. Radiations are categorized into 
low and high LET radiations with particulate radiations usually being high LET radiations 
whereas X and γ rays are low LET radiations due to their sparse ionizations (Table 2.2). In 
general the RBE of a radiation increases with its LET up to a value of  about 100 keV/μm and 
above this value starts to decline due to energy deposition in excess of that needed to cause 
the biological effect (overkill). Energy loss events are essentially randomly distributed along 
the track of the photon or charged particle. For low LET radiations the energy deposition 
events along the track of the photon are sparse relative to the dimensions of biomolecules 
such as DNA with the result that photons may pass through such a molecule without 
depositing any energy. For such radiations the amount of energy deposited in a region of the 
track similar in dimensions to biological molecules also various widely from a few eV up to 
100s of eV. For high LET radiation the energy loss events are much more closely spaced and 
significant energy will be deposited along all parts of the track similar in dimension to 
biomolecules. 
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TABLE 2.2 TYPICAL LET VALUES OF IONIZING RADIATION 


Radiation Linear Energy Transfer, KeV/μm 


Co- 60 γ rays    0.2 


250 kVp X rays    2.0 


10 MeV protons    4.7 


150 MeV protons    0.5 


14 MeV neutrons    12 


2.5 MeV α particles   166 


2 GeV Fe ions    1000 


(Hall and Giaccia, 2006) 


2.2.5. Radiation dose and units 


The biochemical changes produced by ionizing radiations are the fundamental events leading 
to radiation damage in tissues. Radiation is measured either as exposure or as absorbed dose. 
The absorbed dose is the amount of energy absorbed in a system and generally regarded as the 
best way to quantify the irradiation absorption.  


2.2.5.1. Exposure 


The radiation exposure is a measure of radiation based on its ability to produce ionization in 
air under standard temperature and pressure, and is the quantity indicated by many radiation 
detectors such as ionization (eg Geiger-Muller) chambers. The (S.I.) unit for exposure is 
Coulombs/kg in air (or Roentgen R in old units: 1 R = 2.58 x 10-4 C/kg air). The unit of 
exposure is only defined for air and cannot be used to describe dose to tissue. Nevertheless 
ionization chambers are widely used to calibrate medical radiation devices and conversion 
factors to calculate absorbed dose from exposure have been carefully documented for 
different radiation energies and tissues.  


2.2.5.2. Absorbed dose 


The amount of energy absorbed per mass is known as radiation dose. Radiation dose is the 
energy (Joules) absorbed per unit mass of tissue and has the (S.I.) units of gray (1 Gy = 1 J/ 
kg). In the past the rad (radiation absorbed dose) was used, where 100 rad = 1 Gy (1 rad = 1 
cGy). Various types of radiation dose units are used in radiobiology and Table 2.3 presents 
some of the frequently used dose units for measuring these radiation quantities. 


2.2.5.3. Equivalent dose 


As discussed above the biological effectiveness (RBE) of each type of radiation varies greatly 
depending largely on LET. For radiation protection and occupational exposure purposes the 
term ‘equivalent dose’ is used to compare the biological effectiveness of different types of 
radiation to tissues. The (S.I.) dose equivalent (HT) in sievert (Sv) is the product of the 
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absorbed dose (DT) in the tissue multiplied by a radiation weighting factor (WR), often called 
the quality factor.  


TABLE 2.3 SUMMARY OF RADIATION DOSES AND UNITS 


Dose     SI Unit  Old unit   Conversion factor 


Exposure    C/kg air  Roentgen   1 R = 2.58 x 10-4 C/kg air 


Absorbed dose  gray (Gy)  rad    100 rad = 1 Gy  


Equivalent dose   sievert (Sv)  rem    100 rem = 1 Sv 


Equivalent dose is expressed as a summation to include the effects of irradiation of tissue by 
more than one type of radiation. In the past the unit rem (radiation equivalent man) was used 
to compare doses received by different types of radiations (100 rem = 1 Sv). The quality 
factor for low LET radiations is 1 so that for low LET radiations 1 Sv = 1 Gy. 


H T =  WR x DT 


2.2.5.4. Effective dose 


Effective Dose is used to estimate the risk of radiation in humans. It is sum of the products of 
equivalent doses to each organ/tissue (HT) and the tissue weighting factor (WT) (Tabel 6). 


E = W T x HT 


The unit of effective dose is the Sievert (Sv). 


2.2.5.5. Collective dose 


Collective dose is defined as the dose received per person in Sv multiplied by the number of 
persons exposed per year i.e. man-sievert per year. This unit is generally used for protection 
purposes and in population response calculations. 


2.2.6. Principles of radiation dosimetry 


Absorption of radiation in material produces many changes, which form the basis to dose 
measurements based on physical, chemical and biological effects. Different detectors have 
been used to develop dosimeters for ionizing radiation and some of them are used to measure 
relative dose distributions for therapeutic electron and photon beams. A few of them are used 
for measurements of absolute or reference absorbed dose called primary standards. Detectors 
can be divided broadly into three categories: those that measure directly the quantity of 
energy absorbed, detectors that measure ionization and those that quantify free radicals 
formed in the absorbing medium. 


Secondary chemical dosimeters are widely used commercially and have proved beneficial to 
clinical and scientific communities for both research and applications in photon radiation 
dosimetry. Among the most popular dosimeters are the Fricke chemical dosimeter, thermo-
luminescence dosimeters (TLD) and ion chambers or diode dosimeters. These dosimeters are 
each characterized by their own merits and are useful in particular conditions of operation. 
The fundamental requirement for a suitable dosimeter is the linearity of response as a function 
of radiation dose within a wide dosage range. 
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2.2.6.1. Chemical dosimeters 


The Fricke chemical dosimeter is based on chemical change by absorption of radiation and 
used to measure, X, γ and electron doses. The principle consists of the chemical change of 
ferrous ions (Fe +2) into ferric ions (Fe +3) by absorption of radiation energy. Measurement is 
accomplished by optical absorption of ferric ions, which has a high extinction coefficient 
allowing determination of concentration changes. The major drawback is the unreliability in 
the presence of undesirable impurities. The method is highly unstable in air especially after 
irradiation but is relatively cost effective. The measurements are highly linear with increasing 
dose up to more than 150 Gy. 


2.2.6.2. Thermoluminescence dosimeters (TLD) 


Thermoluminescence is based on generation of trapped electrons by exposure of lithium 
fluoride to radiation. The measurement of dose consists of measuring the luminescence 
induced by thermal treatment after radiation exposure. The light emitted is proportional to 
radiation dose. Lithium fluoride chips provide good spatial information but require careful 
calibration and rather laborious read-out. In addition, TLD are oxygen sensitive which 
imposes a limitation. The method is not as cost effective as the Fricke dosimeter, it lacks ease 
of preparation and the measurements become nonlinear at absorbed doses above 10 Gy. 
Optically stimulated thermoluminescence (OSL) is used in another device based on aluminum 
oxide and this requires no processing. It was originally developed for radiation therapy but is 
now also used for diagnostic purposes. 


2.2.6.3. Ionization chambers 


Ionization chambers consist of an air-filled chamber containing two electrodes to which a 
voltage is applied. They measure the current flow which occurs due to the ionization of the air 
molecules exposed to radiation. They are capable of giving instant readings with good 
accuracy. The chambers are easy to use but are poor in providing spatial information. Diode 
dosimeters are based on the principle of ion collection formed by radiation incident in the 
chamber. Measurement consists of collection of ions on the cathode, formed by exposure to 
radiation, but this technique requires intricate circuitry and is not cost effective. Ion chamber 
performance depends on the voltage applied for charge collection. 


2.2.6.4. Film dosimetry 


Special radiographic films have been developed for verification of dose in radiotherapy 
practice. This has proved useful for measuring dose profiles but the method has limited 
accuracy and dose range for determination of absolute radiation doses. 


2.2.7. Direct and indirect effects  


The physical interactions of ionizing radiation leads to loss of energy of radiation and 
production of ionization and excitation of atoms and molecules which may convert into free 
radicals in pico to femto seconds after physical interaction with atoms (10-13 to -15 s). These 
radicals react with neighbouring molecules and produce secondary DNA or lipid radicals by 
reaction with another neighbouring molecule. Chain reactions may also occur, particularly in 
lipids, and may play a role in damage to cell membranes. Free radicals are fragments of 
molecules having unpaired electrons, which have high reactivity with cellular molecules and, 
therefore, have a short life. They can be detected by fast measuring techniques like pulse 
radiolysis and flow electron spin resonance (ESR). 
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Free radicals are generated in great number by ionizing radiation due to the process of energy 
absorption and breakage of chemical bonds in molecules. These are known to play a major 
role in radiation effects on biological tissues and organisms. These radicals are highly reactive 
and found in a number of biological processes, metabolism, oxidation, reduction, and 
pathological diseases and cancer induction. Both electromagnetic and particulate radiations 
act on cells to cause free radicals and subsequent molecular damage through direct as well as 
indirect actions. When ionizing radiation energy is deposited in a macromolecule that is 
important for the biological effect observed (often DNA for cell killing), it is called a direct 
effect of radiation. Alternatively, photons may be absorbed in the water of an organism 
causing excitation and ionization in the water molecules. The radicals formed after passage of 
radiation and water radiolysis, namely the hydrated electron (eaq


-), the hydrogen atom (H.) and 
the hydroxyl radical (.OH) contribute in causing damage to biological systems.   


A compound with a high rate constant of reaction can scavenge primary free radicals of water 
radiolysis. Free radicals of biomolecules can be restituted by hydrogen donating compounds, 
such as thiols and cysteine. Alternatively, they can be fixed by reaction with oxygen or 
oxygen mimicking compounds, which makes them permanently damaged. This is called ‘the 
oxygen effect’, which forms the basis of increasing molecular and cellular damage in the 
presence of oxygen. These chemical reactions form the basis of searching for compounds 
which can sensitize cell/tissue damage or protect them against radiation, and which are of 
direct relevance to radioprotection and cancer radiotherapy. 


2.2.7.1. Direct effects 


Ionizing radiation (IR) can act on biological molecules (RH, representative of hydrocarbons) 
causing ionization and excitation. One or more chemical bonds may be broken giving atoms 
or molecules with unpaired electrons, which are very reactive and have a short life. The 
formation of these radicals occurs in the picosecond time range after the passage of the 
photons. The bond may be repaired or cross-linking may occur due to radical-radical 
reactions. These free radicals may also react with oxygen, and in the case of lipids may 
initiate chain reactions (see below). 


IR + RH → R•+H• 
Both H·and R·radicals can react with another molecule e.g. DNA, lipids, proteins. 


R•+ R’H → R’·+ RH 


Radicals can produce cross linking reactions. 


R•+ R· →R• - R· 


It is estimated that about one third of biological damage by γ radiation is caused by direct 
effects. This process becomes more dominant with high LET radiation, such as neutrons or α 
particles. 


2.2.7.2. Indirect Effects - Water Radiolysis  


The absorption of energy depends on the abundance of material in the path of the radiation. 
Water is the most predominant molecule in living organisms (about 80 % of the mass of a 
living cell is water). Therefore, a major proportion of radiation energy deposited will be 
absorbed in cellular water. A complex series of chemical changes occurs in water after 
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exposure to ionizing radiation. This process is called water radiolysis. The understanding of 
chemical changes in water is essential in studies of radiation effects on living cells.  


Interaction of radiation with water causes ionization and excitation process producing short-
lived H2O


+ radical-cations, fast electrons, and electronically-excited water molecules (H2O
+). 


H2O
+ ions and excited water molecules are unstable and decompose within 10-13 s to form 


OH• and H• radicals  


IR + H2O → H2O
+ + e- 


H2O + H2O
+→ H3O


+ +OH• 


IR + H2O → H2O
*→H2O + photon emitted 


or 


H2O
*→OH•+ H• 


The hydroxyl radical has an unpaired electron and is a highly reactive oxidizing agent. It can 
diffuse a short distance and react with critical target molecules producing another radical. 
This can react with water forming an anion which rapidly dissociates to give a hydrogen atom 
(H·). The ejected secondary electrons may interact with a water molecule to form hydroxyl 
ions and a hydrogen atom (a hydrogen radical), or they may lose energy by a sequence of 
interactions with the medium until they attain thermal energies after about 10-11 s. The 
thermalized electrons are then solvated by dielectric interactions with neighbouring water 
molecules to form e-


aq i.e. e-
aq is a free electron in a solvent cavity surrounded by a sheath of 


orientated water dipoles.  It reacts with a proton to give a hydrogen atom (H·): 


e-  +  H2O→H2O
-→ OH- + H• 


e-
aq + H+ → H• 


e-
aq is the strongest known reducing species at pH 7.0. In oxygenated solutions, e-


aq is 
converted to O2


-, which is a strong oxidizing agent and the precursor of hydrogen peroxide:  


e-
aq+  O2 → O2


- 


These primary water radicals (eaq, OH, H•) have high reactivity towards molecules of cells, 
DNA, lipids and other subcellular constituents. In oxygenated solutions, hydrogen atoms can 
react with oxygen to give hydroperoxyl free radicals (HO2


•): 


H•  + O2 → HO2
• 


The relative yields of the water radiolysis products depend on the pH and LET of the 
radiation. The concentration of these radicals are expressed in terms of a G value which is 
defined as the number of radicals or molecules produced per 100 eV of energy absorbed in the 
medium. Typical G-values are Ge-aq = 2.6, GOH·= 2.6, GH·= 0.6. 


2.2.7.3 Free radical scavengers 


Certain compounds with a high rate constant of reaction may scavenge the primary radicals of 
water radiolysis (e.g. dimethylsulphoxide). Hydroxyl radicals can also be scavenged by a 
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number of –SH containing compounds as a moiety in their chemical structure. The hydrated 
electron can be efficiently scavenged by oxygen producing a number of oxygen-centered 
radicals. Scavenging of hydroxyl radicals forms one basis for development of radioprotectors.  
Amifostine (WR 2721), an aminothiol, is one of the well-known protectors which has 
potential application in radiotherapy. Thiol compounds may also donate hydrogen atoms to 
radical sites on other biological molecules such as DNA but scavengers act primarily against 
the indirect effect induced by water radicals. Hence they have reduced efficacy for high LET 
radiation for which the direct effect plays a more prominent role in biological damage such as 
cell killing. 


2.3. Molecular and cellular radiobiology 


2.3.1. Radiation lesions in DNA 


Radiation causes a wide range of lesions in DNA such as single strand breaks in the 
phosphodiester linkage, double strand breaks on opposing sites or displaced, base damage, 
protein-DNA crosslinks and protein-protein crosslinks involving nuclear proteins such as 
histones and non-histone proteins. The presence of histones and DNA in a 1:1 weight ratio 
makes histones prime candidates for crosslinks. The number of DNA lesions generated by 
irradiation is large, but the number giving rise to cell kill is extremely small. The numbers of 
lesions induced in the DNA of a cell by a dose of 1-2 Gy are approximately:  base damages > 
1000; single strand breaks (ssb) ~1000; double strand breaks (dsb) ~40. Dsb play a critical 
role in cell killing, and there are experimental data showing initially-produced dsb correlate 
with radiosensitivity and survival at low dose, and unrepaired or mis-repaired dsb to correlate 
with survival after higher doses. Increasing evidence suggests the importance of complex dsb 
lesions after high LET irradiation. Knowledge of radiation track structure has been used to 
explain the wide variation and wide distribution of lesions in DNA. The importance of 
clusters of energy deposition events (ionizations and excitations) at track termini of secondary 
electrons resulting in multiple closely-spaced lesions (multiply damaged sites) within a range 
of 20 nm, has been recognised as important for cell killing and in regard to the ability of cells 
to repair such lesions.  


2.3.2. Major types of DNA repair 


There are multiple enzymatic mechanisms of DNA repair in cells that act on different types of 
lesions. For double strand breaks there are two primary repair pathways, non-homologous end 
joining (NHEJ) and homologous recombination (HR). NHEJ repair operates on blunt ended 
DNA fragments resulting from broken phosphodiester linkages. There is a requirement for 
Ku70/Ku80 repair proteins to recognize the lesion termini, binding of the Ku-heterodimer to 
DNA-PK (protein kinase), and activation of the XRCC4 ligase enzyme by this complex for 
final religation of the fragments after enzymatic “cleaning up” of the broken ends of the DNA 
molecule, by a variety of other recruited proteins, so that ligation can occur. Repair by NHEJ 
operates throughout the cell cycle but dominates in G1/S-phases. The process is error prone 
because it does not rely on sequence homology. Dsb repair by homologous recombination 
(HR) utilizes sequence homology with an undamaged copy of the broken region and hence 
can only operate in late S- or G2- phases of the cell cycle. It starts by nucleolytic resection of 
blunt ends, binding of NBS/MRE11/rad50 protein complex to the DNA termini, followed by 
strand exchange facilitated by attachment of rad51/XRCC2 protein. Then there is DNA 
synthesis of the missing nucleotides on the undamaged templates and ligation. This creates a 
complex strand crossover between the damaged and undamaged strands known as a Holliday 
junction, which is finally resolved before the repair process is complete. Other DNA repair 
mechanisms such as base excision repair (BER), mismatch repair (MR) and nucleotide 
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excision repair (NER) respond to damage such a base oxidation, alkylation, and strand 
intercalation.  


2.3.3. Damage recognition and signalling 


A first step in recognition of radiation damage (strand breaks) to DNA is ATM binding to 
DNA termini. This induces kinase activity in ATM which phosphorylates and activates the 
CHK kinases, which in turn phosphorylate p53. As a result p53 is released from MDM-2 and 
is stabilized to induce p21, which inhibits the cyclin-dependent kinase cyclinE-CDC-2 
controlling the G1-S transition in the cell cycle. The resultant G1 arrest (G1 block) after 
irradiation ensures that the damaged DNA is not replicated before repair. Tumours showing 
mutant p53 or p53 null status, as the result of p53 destruction by viral protein E6, fail to 
initiate a G1 arrest and may not restitute damaged DNA before replication. But even p53 
mutant cells display a G2 arrest and may exercise repair options (or induce apoptosis) and 
thus prevent mitotic propagation of defective DNA in M phase. Repair signalling starting at 
ATM proceeds via downstream activation of BRCA1, c-Abl, NBS1 and RAD 51 to initiate 
DNA repair. An alternative response to DNA damage is induction of apoptosis initiated by 
p53, although this occurs extensively after irradiation only in a few specific cell types, such as 
cells of hematopoietic lineages, endothelial cells, germ cells and oligodendrocytes. C-Abl, 
BID and the proapoptotic factor BAX (in the Bcl-2 family of proteins) respond to sequential 
phosphorylation cascades starting with ATM. 


2.3.4. Consequences of unrepaired DNA damage: Chromosome damage 


Mutations from low dose exposure influence base pairing, coding, transcription and gene 
expression. Chromosome analysis in mitotic spreads (karyotyping), micronucleus formation 
and fluorescent in situ hybridisation (FISH) can detect unrepaired DNA damage in chromatids 
by a variety of DNA damaging agents including radiation. Aberrant chromosomes arise when 
broken ends rejoin with other broken ends to generate rings, dicentrics, translocations and 
other chromosome aberrations. Dicentric chromosome aberrations arise post replication from 
the joining of 2 broken chromatids in different chromosomes and can be use as a marker for 
radiation exposure. Acentric fragments and dicentrics are unstable aberrations and may not 
survive past the next mitosis, implicating loss of genetic material which may signal death in 
diploid cells. In polyploidy cells such losses may be of lesser consequence Micronuclei 
contain acentric fragments and may be detected by stimulating lymphocytes (or certain other 
cell types) into division followed by treatment with cytochasin B, which allows nuclear 
division but stops cellular division. The micronucleus assay, although somewhat less 
sensitive, is a simple and effective alternative to chromosome analysis. The use of the 
micronucleus assay has been studied for the purpose of radiosensitivity testing of patients 
using lymphocytes, but limitations exist due to assay variability. 


2.3.5. Radiobiological definition of cell death  


Cells are generally regarded as having been “killed” by radiation if they have lost 
reproductive integrity, not by whether they physically survive in the population. Loss of 
reproductive integrity can occur by apoptosis, necrosis, mitotic catastrophe or by induced 
senescence. Although all but the last of these mechanisms ultimately results in physical loss 
of the cell this may take a significant time to occur, e.g mitotic catastrophe may not happen 
until several divisions have taken place. Apoptosis or programmed cell death is a strong 
feature in embryological development and in lymphocyte turnover. Previously, this early form 
of cell death was called interphase cell death. Apoptosis can be identified by microscopy and 
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typical shrinkage of cellular morphology, condensation of chromatin, nucleosome laddering 
indicating chromatin degradation, cell membrane blebbing, activation of caspases and release 
of cytochrome c. Exposed phosphatidyl serine in the cell wall permits binding of annexin V 
and assessment of apoptosis by flow cytometry. The characteristics of apoptosis (which is 
non-inflammatory) are in contrast to those of necrosis, typified by cell edema, poor staining of 
nuclei, increase of membrane permeability, shut down of cell metabolism, and an 
accompanying inflammatory response. Senescence or replicative senesence (RS) is observed 
when cells stop dividing, and this differs from the behaviour of stem cells and tumour cells 
which do not show these limitations. Senescent cells are somewhat edematous and show poor 
cell-cell contact, increased polyploidy, decreased ability to express heat shock proteins, and 
shortening of telomeres. Apoptosis occurs in particular cell types after low doses of 
irradiation e.g. lymphocytes, serous salivary gland cells, and certain cells in the stem cell zone 
in testis and intestinal crypts. Reproductive cell death is a result of mitotic catastrophe which 
can occur in the first few cell divisions after irradiation, and it occurs with increasing 
frequency after increasing doses. Cells that fail to divide successfully after irradiation can also 
undergo apoptosis at that stage. Cellular necrosis generally occurs after high radiation doses. 
A rapid fall of cell numbers after irradiation is likely to be due to apoptosis but may also 
occur by mitotic catastrophe in rapidly proliferating populations. Whether apoptosis reflects 
overall cell killing in tumour cell inactivation by radiation is currently unresolved and may 
only be the case for certain types of tumour cells.  


2.3.6. Suvival curves and models 


The accepted gold standard for measuring the radiosensitivity of a cell population is the 
retention of reproductive integrity or mitotic intactness i.e. the ability of a cell to undergo 
more than 5-6 cell divisions (and produce a viable colony containing at least 50 cells). This is 
referred to as cell survival and percent survival after irradiation is calculated by correcting for 
the ‘plating efficiency’ of unirradiated cells, this often being less than 100% due to the true 
proportion of colony-forming cells in those plated being low, or potential influences of the 
media, pH, temperature and cell specific factors. Measurements of apoptosis or MTT or SRB 
vital dye staining growth assays are often used instead of a colony assay for measuring 
radiosensitivity for reasons of simplicity, shorter assay time, and operation in multiwells 
permitting large number of parameters to be tested e.g. a range of growth inhibiting drugs. 
Major disadvantages of these approaches are the narrow range of doses and survivals that can 
be used, greater assay variability, and, particularly, that the assays do not test mitotic viability. 
Hence these assays rely on the (often unfounded) assumption that there is a clear relationship 
between apoptosis or cellular growth and cell survival over a wide range of doses and survival 
levels. 


Survival curves are best shown as a semilog plot of survival against irradiation dose, 
generally in the dose range of 1 – 10 Gy for single cells. The most common model used today 
is the linear-quadratic model, fitted using a second-order polynomial, with the constants α and 
β describing the decline of survival (S) with increasing dose (D). 


S = e – ( αD + βD2 ) 


Equal cell kill of linear and quadratic components is achieved when dose D = α/β. For high 
LET irradiation the quadratic component is small or non-existent. 


An older model is the single hit/ single target model described by  


S = e – D/Do. 
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Do is effectively the reciprocal of α (above) and represents the dose which reduces survival to 
e-1 or 37 %. The linear relationship is consistent with data from some bacteria but it does not 
apply in eukaryotic cells (except at high LET), which show shouldered survival curves that 
can be accommodated by a single-hit multitarget model described by: 


S = 1- [1 - e- (D/Do)]n. 


This is reliable at high dose but not at low dose, because it does not describe accurately the 
‘shoulder’ region at low doses, even if another single-hit term is added. 


For practical purposes, there are merits of using survival at 2 Gy (SF2), because this is a dose 
fraction using commonly in radiotherapy.   


2.3.7. Cell cycle effects 


Renewing cells in a growing population (e.g. skin, gut, bone marrow, tumour cells or cells in 
culture), but not when resting in Go phase, participate in the cell cycle. Replication of the 
genome occurs in S-phase and mitotic propagation to daughter generations occurs in G2/M 
phases. Typical cell generation times are 10 – 40 hours with the G1 phase taking about 30 %, 
S-phase 50 %, G2 phase 15 % and M-phase 5 % of the cell cycle time, although G1 phase 
time may vary and be much longer in slowing proliferating populations. In interphase the 
majority of cells are in G1 or Go. There are checkpoints at the G1/S and G2/M boundaries 
that monitor the fidelity of genomic processing. Binding of cyclins to cyclin dependent 
kinases activates the kinase complex to negotiate the checkpoints:  cyclin B1/ p34 CDC-2 for 
G2/M transition, cyclin D1/cdk-4 for M/G1 transition, cyclin E/cdk-2 for G1/S and 
cyclinA/cdc-2 for S/G2 transition. Drugs that abrogate cell cycle blocks e.g. caffeine and 
pentoxifylline, are radiosensitizing by rapidly re-establishing the B1/p34 CDC-2 pair, 
promoting early mitotic progression before complete recovery and directly inhibiting HR 
repair in G2. In p53 mutants (i.e. in most tumours) and in cells of p53 null status arising from 
p53 destruction after viral infection (by the HPV E6 protein), p21 induction is abolished and 
p21 controlled inhibition of G1/S transition cannot occur. In the absence of the G1 block, 
cells enter a block at G2/M. Most tumour cells being p53 mutant hence would display altered 
checkpoint expression and limited repair routes with opportunities for therapeutic 
intervention. Tumour cell heterogeneity and multiple ploidy are complicating factors.  


Radiosensitivity differs throughout the cell cycle with, in general, late S-phase being most 
radioresistant, G2/M being most radiosensitive and G1 phase taking an intermediate position. 
The greater proportion of repair by HR than by NHEJ in late S phase may explain the 
resistance of late S phase cells. The open structure of DNA helps explain radioresistance in 
G1. Chromatin compaction and poor repair competence (reduced enzyme access) could 
explain the high radiosensitivity in G2/M. Attempts at cell synchronization in tumours by 
irradiation to increase overall sensitivity and to harness this scenario clinically have not been 
successful.  


2.3.8. Relative biological effectiveness (RBE) 


When effects of equal doses of different types of radiation are compared, they produce 
unequal biological effects. Comparison of effects of different types of radiation is expressed 
as relative biological effectiveness (RBE). Historically the effect of 250 kV X rays was taken 
as the standard, but more usually now it is > 1 MeV photons (from Co-60). RBE is defined as 
the ratio of doses of γ rays (Dγ-ray) and the test radiation (Dr) is required to produce an equal 
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amount of a particular biological effect i.e. Dγ / Dr. For determination of RBE in mammalian 
cells, a surviving fraction of, say 0.1 or 0.01, can be used. In animal experiments, the 
biological effect measured for some particular functional endpoint can be used. A dose of 1 
Gy of α particle produces a much larger amount of a chosen biological effect than 1 Gy of γ 
rays. Survival curves of human kidney cells using different radiation modalities e.g. 2.5 – 26 
MeV α-particles and 250 kVp X rays (Barendsen 1968) illustrate the wide range of 
radiobiological effectiveness of a given irradiation dose. Perfect linearity was shown for 4 
MeV α-particles and a wide shoulder on the cell inactivation curve for 250 kVp X rays. 


RBE varies with cell system, endpoint and dose. RBE is higher at lower doses because of the 
lesser efficacy of the reference radiation per unit dose at low versus high doses i.e. the wider 
shoulder for lower LET radiations. RBE increases with increasing LET of a particular 
radiation and peaks at about 100 keV/ μm. It declines with further increases in LET in many 
mammalian cells, which is usually explained by ‘overkill’ effects of ‘wasted’ ionizations at 
these very high ionization densities. RBE is higher with low dose rates of the low-LET 
reference radiation, because in general there is a dose-rate effect with low LET radiations but 
not for high-LET radiations. RBE is lower for high-dose single fractions and larger for 
multiple small fractions (e.g. Joiner, 1987). Also, there are RBE differences between tissues 
and tumours. RBE values tend to be higher for some late-responding normal tissues, which is 
consistent with the concept, discussed in the next section, that late responding tissues have 
greater repair capacity than early responding tissues. 


2.3.9. Cellular repair exemplified in survival curves 


There is an increase in cell survival when the same dose is given as 2 fractions separated by 2 
or more hours, compared to a single fraction. Greater survival when the dose is split in this 
way is attributed to sublethal damage repair (SLDR) between dose fractions (Elkind repair, 
named after the discoverer of the phenomenon for single cells). The half time of repair T ½ is 
the time when half the repair has taken place and is usually about ½-1 hr for cells in culture 
but can be longer for tissues. Thus full repair may take 6-8 hours and can be longer in tissues 
(e.g. in CNS it may be 24+ hrs). The recovery ratio is a measure of SLDR, given by the 
survival of cells receiving a split dose divided by the survival of cells receiving the total dose 
as a single dose. Potentially lethal damage repair (PLDR) is another class of repair, assessed 
by delayed plating experiments. Contact inhibited (plateau phase) cells are irradiated, 
followed by incubation for various periods and subsequent reseeding, with analysis of cell 
survival by colony assay to obtain a measure of this type of repair.  


The ‘shoulder’ or the curvature of a survival curve is usually considered to be a reflection of 
the repair capacity of a cell population. In terms of survival curve theory this can be thought 
of as arising from the concept that energy-deposition, sublesion-causing (DNA damaging) 
events must be accumulated to allow sublesion interactions for cell killing to occur. The 
possibility that lesion lesions can be repair between split doses then results in the shoulder in 
the low dose region of the curve. The increase in RBE with increasing LET is attributable to 
an increase in non-repairable lesions at high LET. Repair depends on dose and time, and the 
maximum repair velocity is observed when damage is saturating, analogous to enzyme 
kinetics. Repair during irradiation is negligible at the high dose rate of 1-5 Gy/min practiced 
in external beam therapy and high-dose-rate brachytherapy, but is very significant during the 
course of the 1.6 - 150 cGy/min practiced in lower-dose-rate brachytherapy. The successive 
increase of cell survival with declining dose rate is consistent with the role of time in repair. 
The dominance of repair at low dose rate eliminates the shoulder/curvature and results in a 
straight but shallower line on a semi-logarithmic plot, with good separation of survival 
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between cell lines with different repair capacity. This is a factor that is often the major cause 
of different radiosensitivities.  


2.3.10. Cellular hyper-radiosensitivity (HRS) and induced repair (IRR) 


Some but not all tumour cells cultivated in vitro show increased sensitivity per unit dose at 
doses up to 0.2-0.5 Gy compared to higher doses. This is known as hyper-radiosensitivity 
(HRS). The effect suggests that repair needs to be induced by a certain dose above about 0.5 
Gy, so that smaller doses inflict greater damage and hence result in a steep decline of survival. 
The differential in low-dose/high-dose slopes is greater in radioresistant cell types, has been 
linked to G2 radiosensitivity and mutant p53. It is absent when using high LET irradiation. 
There have been attempts to exploit the HRS effect in clinical fractionation protocols but with 
little success to date.  


2.3.11. Other molecular targets: bystander (epigenetic) effects 


Recent studies have suggested that cells close to irradiated cells but not themselves exposed to 
radiation may exhibit damage similar to that caused by radiation, such as DNA damage and 
reduced survival (a bystander effect). Irradiation of Chinese hamster ovary cells (CHO cells) 
with α-particles below 5 cGy and analysis of hypoxanthine-guanine 
phosphoribosyltransferase (HPRT) mutations indicated very low track traversals of 0.05-
0.3/cell where most cells are not hit, but the number of cells showing mutations was greater 
than the hit cells by a factor of 5.  Similarly, irradiation of 1 human fibroblast on a dish with 
He+ from a microbeam produced 80-100 damaged cells and irradiation of the cytoplasm only 
produced DNA dsb in non-irradiated cells. These findings have been variously interpreted as 
suggesting a role of gap junctions between cells to communicate damage response signals, or 
that damaging molecules can be released into the medium surrounding the cells and/or that 
energy deposition in DNA is not required to trigger a bystander response. Currently the 
literature on bystander effects remains controversial. For example, there have been reported 
difficulties in repeating the irradiated-medium transfer experiments, and this is a topic area 
that requires further research and clarification. 


2.3.12. Radiation sensitisers 


Oxygen is an effective positive modulator of radiosensitivity between pO2 levels of 0 and 
about 20 mm Hg. At pO2 levels decreasing below 10 mm Hg tissues are considered to be 
hypoxic and show increasing radioresistance. The oxygen enhancement ratio (OER) is given 
by the dose in hypoxia divided by the dose in air to achieve the same survival level. A 
survival fraction of 0.01 requiring 10 Gy in oxic and 28 Gy in hypoxic conditions would 
indicate an OER of 2.8. At a dose level of 2 Gy used in the clinic the OER is somewhat less 
and approximates to 2.0. Sensitization by oxygen has generally been explained by the oxygen 
fixation hypothesis, in which oxygen is argued to be capable of binding to radicals on the 
DNA and prevention their immediate restitution by interaction with reducing equivalents (H 
+-donating molecules such as thiols). The absence of oxygen and the presence of reducing 
equivalents would hence lower radiation toxicity and there is evidence that higher levels of 
free sulphydryls in cells can increase the PO2 level required for sensitization. Accumulated 
OER data show a wide variation between cell lines. Recent work demonstrating that hypoxia 
can modify gene expression including DNA repair genes suggests that other mechanism may 
also play a role in oxygen sensitization and consistently lower OERs have been reported for 
cells lacking homologous recombination (HR) repair and crosslink repair. 
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There are many other molecules that have been found to increase the radiosensitivity of cells 
using clonogenic assays, including molecules that enhance DNA damage, such as halogenated 
pyrimidines, inhibitors of DNA repair, modifiers of cell cycle checkpoints, such as caffeine 
and modifiers of mitogen-activated protein (MAP) kinase signalling pathways, such as 
inhibitors of RAS, epidermal growth factor receptor (EGFR), or protein kinase B (AKT).  The 
study of such molecules can illuminate our understanding of cellular response to irradiation 
but their application in the clinic requires some expectation of specificity for tumour cells vs 
normal cells. Previous studies have focused on biological or pathophysiological differences 
between tumours and critical normal tissues such as hypoxia or proliferation. Recent studies 
have been focusing on molecular differences such as levels of gene expression or mutations in 
critical genes such as protein 53 (p53). Differential uptake of halogenated pyrimidines into 
DNA in place of thymidine in proliferating cells provides one rationale and both 
bromodeoxyuridine (BrdU) and iododeoxyuridine (IrdU) have been studied clinically. These 
molecules are slightly larger than thymidine and partially disrupt the structure of the DNA 
making it more susceptible to damage by X rays (or UV light), thereby radiosensitizing the 
cells when a significant fraction of the DNA has incorporated the molecule (usually requires 
several cell generations in the context of normal background thymidine levels). To date these 
molecules have not shown great gains in clinical application, because of the difficulty of 
obtaining sufficient differential uptake between tumour and exposed normal tissue. Inhibitors 
of EGFR have recently been tested in the clinic with some success. EGFR is highly expressed 
on some tumour types e.g. Head and Neck Squamous Cell Carcinoma (HNSCC) and Non 
Small Cell Lung Cancer (NSCLC), and inhibition of the signaling pathway is believed to 
reduce proliferation of tumour cells and block stimulation of this pathway by the radiation 
treatment but the exact mechanisms of the effect remain uncertain.  


Other approaches being investigated experimentally include antisense oligonucleotides to 
inhibit the expression of  anti-apoptotic factors such as Bcl-2; gene directed enzyme prodrug 
therapy (GDEPT) targeting DNA synthesis; radiation-activated molecular switches to drive 
specific promoters in tumours to increase expression of toxic molecules such as tumor 
necrosis factor alpha (TNF-α): inhibitors of checkpoint kinases (Chk1 and Chk2) required for 
expression of cell cycle blocks conceivably because blocking abrogation would inhibit repair. 


2.3.13. Radiation protectors  


In whole body irradiated mice, addition of cysteine or cysteamine is protective with a dose 
reduction factor (DRF) of 1.8. This means that the dose becomes less effective i.e. the LD 
50/30 (the dose of radiation required to kill [LD=Lethal Dose] 50% of the test cohort within 
30 days) increases by this factor. These factors can also be demonstrated in vitro. Other 
molecules giving similar levels of protection include: mercaptoethylamine, and Amifostine 
(or WR 2721), which is a phosphorothioate that can be activated in vivo by alkaline 
phosphatase to its thiol metabolite. This drug is currently used in the clinic as a normal tissue 
protector based on data which suggests that the drug permeates normal tissue but not much in 
the tumour because of hypoxia and chaotic vasculature. There is good evidence that it does 
provide some normal tissue protection in HNSCC and NSCLC patients receiving radiotherapy 
but there remains controversy about whether or not it it has been shown also to cause some 
tumour protection. Amifostine is also claimed to protect against mutation and carcinogenesis, 
as well as against nephrotoxicity from cisplatin. Sodium selenite, pentoxifylline, and vitamin 
E all show clinical benefits in reducing morbidity e.g. less xerostomia, mucositis, proctitis, 
enteritis, and fibrosis. 
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2.4. Tumour radiotherapy 


2.4.1. Tumour growth 


Tumour growth occurs because of the proliferation of the tumour cells and the development 
of supporting stroma and vasculature (by angiogenesis). Since cell division is a binary process 
it can be expected that tumour growth would be an exponential function with the volume 
increasing as a semilogarithmic function of time. This implies a constant time for the tumour 
to double in volume (volume doubling time). Small tumours often express this form of growth 
function but as they get larger the growth rate of a tumour usually declines (longer doubling 
time) due to nutrient deprivation and other conditions. Cell kinetic analysis of tumours has 
established that even in small tumours not every tumour cell is actively proliferating (i.e the 
growth fraction is less than unity) and that there is substantial cell loss from tumours. These 
factors do not in themselves influence the exponential nature of the growth curve, unless they 
change with time during growth, but they do influence the interpretation of the value of the 
volume doubling time calculated from such curves. If every tumour cell was in the division 
cycle and there was no cell loss the tumour doubling time would reflect the cell cycle time of 
the tumour cells (TC). The reduced growth fraction means that the underlying potential 
doubling time (Tpot) of the tumour is longer than the cell cycle time and the cell loss means 
that the measured volume doubling time (TD) is even longer. Thus human tumours have an 
average TD that is in the range of 2-3 months (with wide variation for different tumour types) 
but the average TC is 2-3 days and Tpot values are in the range of 4-20 days. 


2.4.2. Tumour response to irradiation  


The response of tumours to irradiation can be understood largely in terms of the response of 
the cells (both tumour and stromal) within the tumours. Widely used in situ techniques to 
assess tumour response to irradiation include determining growth delay, i.e. measuring the 
difference in time for treated and untreated tumours to grow to a defined size, and tumour 
control (Figure 2.4A and 2.4B). Both these parameters can be plotted as a function of dose to 
give a dose response curve. Tumour growth delay is the more commonly used endpoint 
because tumour cure experiments are much more time consuming and resource intensive. 
However, intrinsic to tumour growth is the concept that tumours contain a fraction of cells 
that have unlimited proliferative capacity (cancer stem cells). To achieve tumour control, all 
the cancer stem cells must be killed. Thus the tumour control endpoint directly assesses the 
sensitivity of the last surviving (most resistant) tumour clonogenic cells (or stem cells). Since 
treatments that only induce a growth delay use lower doses and do not kill all the tumour stem 
cells (by definition), it is necessary to assume that radiation modifiers that are tested by this 
approach would be able to affect the remaining surviving stem cells equally. This assumption 
has been questioned and it may not be correct if a proportion of the tumour stem cells are 
resistant to the tested treatment for unknown reasons.  


The terms radiosensitive and radioresistant are often used to describe tumours that regress 
rapidly or slowly after radiation treatment. However, the rate of regression may not correlate 
with the ability to cure a tumour with tolerable doses of radiation so it is better to describe a 
tumour that regresses rapidly after treatment as radioresponsive. The response rate of a 
tumour depends on the proliferative rate of its cells because tumour cells often express their 
radiation damage (and die) by mitotic catastrophe. Thus, a tumour that contains a large 
proportion of proliferating cells will tend to express radiation damage in its cells early and 
will regress rapidly. Although radioresponsive, the tumour may contain surviving tumour 
stem cells that will be responsible for its recurrence. 
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Fig. 2.4A, 2.4B and 2.4C Illustration of two assays for tumour response: In (A), growth 
curves for groups of treated and untreated tumours are shown and the measurement of 
growth delay indicated. Growth delay is plotted as a function of radiation dose in (B). After 
large doses some of the tumours may not regrow and the percentage of controlled tumours 
can be plotted as a function of dose as in (C) (Tannock et al, 2005).  


As mentioned above the cancer stem cells within a tumour are unlikely to exhibit a uniform 
radiosensitivity. The microenvironment of the cells in the tumour can affect their sensitivity to 
radiation. This is well documented for hypoxia (see below) but there may also be interactions 
of the cells with the extracellular matrix (ECM). For example, interactions between the 
tumour cells and the ECM may influence cellular signalling such as the EGFR/MEK/ERK 
pathway that can affect cellular sensitivity to radiation. As discussed later, there is also 
increasing evidence that vascular damage and the induction of inflammatory cytokines play 
an important role in the responses of normal tissues to radiation treatment. The role of such 
factors in tumour response is largely unexplored. However, radiation-induced apoptosis of 
microvascular endothelial cells in a tumour has been suggested recently to play an important 
role in its response to radiation treatment.  


2.4.3. Dependence of tumour control on dose and tumour size 


Since tumour control depends on the killing of all the tumour stem cells, the proportion of 
such cells in a tumour (this may be as small as a few percent) and the tumour size can have a 
major influence on the dose required for tumour control. For a simple model, which assumes 
that the response of a tumour to radiation depends on the individual responses of the cells 
within it, the dose of radiation required to control a tumour only depends on: (1) the radiation 
sensitivity of the stem cells and (2) their number. The number of stem cells in a tumour can be 
estimated from its size and some assumption about the fraction of cancer stem cells that it 
contains. Equally from a knowledge of the radiation survival curve for the cells in a tumour, it 
is possible to calculate the expected level of survival following a given radiation dose. 
Because of the random nature of radiation damage there will be statistical fluctuation around 
this value (theoretically predicted by a Poisson distribution). From such calculations, it is 


34







 


possible to construct a theoretical tumour control versus dose curve, which shows a sigmoid 
relationship with dose (Figure 2.4C). The position of the curve relative to dose will depend on 
the number of stem cells whereas the slope will depend on the radiosensitivity of the stem 
cells and as noted above on the extent of heterogeneity in these parameters. Thus in general it 
can be expected that larger tumours would need to be treated with larger doses for control to 
be achieved. This effect may be exacerbated by differential microenvironmental conditions, 
that can influence the radiosensitivity of the tumour stem cells, and may themselves vary with 
tumour size (e.g hypoxia – see below). A problem in the clinic is that normal tissue responses 
to irradiation also depend on the volume of tissue irradiated, such that it may be difficult to 
give larger doses to larger tumours. 


2.4.4. Dose fractionation effects 


The radiation tolerance of normal tissue is enhanced by fractionating the radiation dose over a 
number of days due to repair of radiation damage between the fractions and proliferation of 
surviving cells, thus higher doses can be given using this approach, which is the predominant 
mode of action of radiation therapy. However, the response of the tumour is also influenced 
by these factors and hence selecting the appropriate therapeutic approach depends on an 
appropriate balance between tumour response and normal tissue response (therapeutic ratio – 
see below). It is the response of late responding normal tissues that is usually the limiting 
factor in the dose that can be delivered to a tumour. Thus the finding that such tissues appear 
to have greater repair capacity than tumours is one factor favouring fractionated treatments. 
However, prolonging treatments over too long an interval may be counterproductive since 
proliferation and repopulation of the surviving tumour cells will occur during the treatment 
thus increasing the number of cells to be killed, whereas late responding normal tissue 
generally have low proliferation rates and extending the time will not greatly increase their 
radiation tolerance.  


2.4.5. Predicting the radiation response of tumours 


Multiple genetic and epigenetic changes occur in tumour cells during growth and it is well 
established that the microenvironment in tumours is very heterogeneous. Thus it is desirable 
to seek a way of assigning tumours to more homogeneous groups, so that patients with 
differences in prognosis can be identified. This is a major motivation for attempts to develop 
predictive assays. Studies of a wide range of cell lines derived from human tumours have 
shown intrinsic variations in radiation sensitivity. It is the size of the shoulder of the curves 
that varies most widely. Even small differences in the shoulder region can be important 
because they are magnified during the multiple fractionated daily doses of 1.8 to 2 Gy given 
in clinical radiotherapy. The cell survival following a dose of 2 Gy can vary widely in cells 
from different tumours from about 0.1 to 0.9 (Table 2.4). Consider a tumour for which the 
survival level following a dose of 2 Gy is 0.8. Assuming that each fraction of a multiple-dose 
treatment is equally effective, and that there is no cell repopulation between dose fractions (an 
assumption that ignores some of the issues to be discussed below), the survival following 
thirty fractions of 2 Gy would be (0.8)30 =10-3. In contrast, for a tumour in which the cell 
survival level following 2 Gy is 0.6, survival after 30 fractions would be (0.6)30 = 2 x10-7. 
Thus, small differences in survival at low doses can translate into very large differences 
during a course of fractionated treatment. Estimates of the surviving fraction following a dose 
of 2 Gy for different histopathological types of human tumour show a trend toward higher 
levels of survival at 2 Gy for the cells from tumour groups expected to be less radiocurable.  
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The concept that tumour response for an individual patient can be predicted has been tested 
using the survival following 2 Gy of radiation (or another parameter that reflects 
radiosensitivity at clinically relevant low doses) to predict for the outcome of fractionated 
radiotherapy treatment. Using a clonogenic assay for cells from primary human cervix tumour 
biopsies grown in soft agar, West and co-workers in 1997 found that patients with tumours 
containing radioresistant cells (SF2>median) had significantly worse local control and 
survival than those with more tumours containing radiosensitive cells (SF2 <median; Figure 
2.5) and similar results were later reported for head and neck cancers. However, other groups 
have not reported confirmatory results and the widespread application of clonogenic assays is 
limited by technical problems. Other proposed predictive assays evaluate radiation-induced 
apoptosis or senescence within solid tumours, or the expression of genes or proteins which 
relate to cell cycle control, cell death, and DNA repair. However, the predictive value of 
parameters such as the apoptotic index is uncertain given the limited correlation with cell 
death as assessed by a colony forming assay. Thus, although the evidence that tumour cells 
from individual tumours vary in radiosensitivity is strong and the concept of predicting the 
response of individual tumours remains appealing, a suitable, robust assay to detect such 
differences between individual patients has yet to be developed. 


2.4.6. Tumour hypoxia 


The cells in a tumour are influenced both by their interactions with the extracellular matrix 
(ECM) and by the pathological microenvironment of solid tumours, which is characterized by 
regions of nutrient deprivation, low extracellular pH, high interstitial fluid pressure (IFP), and 
hypoxia. These conditions in solid tumours are due primarily to the abnormal vasculature that 
develops during tumour angiogenesis. The blood vessels in solid tumours have highly 
irregular architecture, and may have an incomplete endothelial lining and basement 
membrane, which makes them more leaky than vessels in normal tissues. The oxygen 
concentration (pO2) in most normal tissues ranges between 10 and 80 mm Hg, whereas 
tumours often contain regions where the pO2 is less than 5 mm Hg. A proportion of tumour 
cells may lie in hypoxic regions beyond the diffusion distance of oxygen where they are 
exposed to chronically low oxygen tensions. Tumour cells may also be exposed to shorter 
(often fluctuating) periods of (acute) hypoxia due to intermittent flow in individual blood 
vessels. Tumour hypoxia is heterogeneous both within and amongst tumours and studies with 
both extrinsic and intrinsic markers of hypoxia have shown that hypoxic cells can occur close 
to blood vessels, presumably due to fluctuation in blood flow in individual vessels. Acute and 
chronic hypoxia can coexist in the same tumour and hypoxic regions in tumours are often 
diffusely distributed throughout the tumour and rarely concentrated only around a central core 
of necrosis. Hypoxia may play an important role in treatment outcome both because lack of 
oxygen results in cells being more resistant to irradiation and because hypoxia can affect the 
metastatic ability of some tumour cells.  
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TABLE 2.4 SURVIVING FRACTION AT 2 Gy FOR A VARIETY OF CELL TYPES 


Tumour Cell Typea   Number of    Mean Survival 
       Lines     at 2 Gy (Range) 
 
1. Lymphoma    14     0.20 (0.08 – 0.37) 
 Neuroblastoma   
 Myeloma 
 Small Cell lung cancer 
 Medulloblastoma 
 
2. Breast Cancer   12     0.43 (0.14 – 0.75) 
 Squamous cell cancer 
 Pancreatic Cancer 
 Colorectal cancer 
 Non-small cell lung cancer 
 
3. Melanoma    25     0.52 (0.20 – 0.86) 
 Osteosarcoma 
 Glioblastoma 
 Hypernephroma 
aTumour types are grouped (*1-3) approximately in decreasing order of their likelihood of 
local control by radiation treatment. (Tannock et al., 2005) 


 


Fig. 2.5 Acturial survival in patients with cervical cancer treated by radical radiotherapy as a 
function of intrinsic radiosensitivity of tumours stratified as above or below the median 
survival following 2 Gy (SF2) of 0.41. Survival and local control (not shown) are significantly 
worse for patients with SF2>0.41. (Tannock et al., 2005). 


The cells within hypoxic regions of tumours constitute an important target for cancer 
treatment since many such cells are viable and capable of regrowing the tumour if they 
survive treatment. Many tumours contain a proportion of hypoxic cells in the range 1 to 20%. 
These proportions represent the cells that are maximally resistant to radiation and there will 
also be a substantial proportion of cells in tumours that are at intermediate oxygen levels. 
Because of their resistance, the response of tumours to large single doses of radiation is 
dominated by the presence of the hypoxic cells within them, even if only a very small fraction 
of the tumour cells are hypoxic. Immediately after a dose of radiation, the proportion of the 
surviving cells that is hypoxic will be elevated. However, with time, some of the surviving 
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hypoxic cells may gain access to oxygen and hence become more sensitive to a subsequent 
radiation treatment. This process of reoxygenation can result in a substantial increase in the 
sensitivity of tumours during fractionated treatment. Nevertheless, many techniques have 
provided evidence that hypoxic cells in human tumours can affect the outcome of fractionated 
radiation therapy.  


2.5. Normal tissue response to radiotherapy 


2.5.1. Cellular and tissue response 


Radiation treatment can cause loss of function in normal tissues. In renewal tissues, such as 
bone marrow or the gastrointestinal tract, loss of function may be correlated with loss of 
proliferative activity of stem cells. In other tissues, loss of function may occur through 
damage to more mature cells and/or through damage to supporting stroma and vasculature. 
Traditionally the effects of radiation treatment on normal tissues has been divided, based 
largely on functional and histopathological endpoints, into early (or acute) responses, which 
may manifest clinical symptoms within a few weeks of radiation treatment, and late responses 
where clinical symptoms may take many months or years to develop. Acute responses occur 
primarily in tissues with rapid cell renewal where cell division is required to maintain the 
function of the organ. Because many cells express radiation damage during mitosis, there is 
early death and loss of cells killed by the radiation treatment. Late responses tend to occur in 
organs whose parenchymal cells divide infrequently (e.g. liver or kidney) or rarely (e.g. 
central nervous system or muscle) under normal conditions. Depletion of the parenchymal cell 
population due to entry of cells into mitosis, with the resulting expression of radiation damage 
and cell death, will thus be slow. Damage to the connective tissue and vasculature of the 
organ may lead to progressive impairment of its circulation. If the damage to the circulation is 
severe enough, secondary parenchymal cell death may occur due to nutrient deprivation.  


The radiosensitivity of the cells of a number of normal tissues can be determined directly 
using in situ assays. Survival curves obtained for the cells of different normal tissues in mice 
and rats are shown in Figure 2.6. Considerable variability in sensitivity is apparent and as 
with tumour cells, most of the difference appears to be in the shoulder region of the survival 
curve.  


 


Fig. 2.6 Survival curves for cells from some normal tissues. Most of the curves are for cells 
from rodent tissues and the curves were produced using in vivo or in situ clonogenic assays. 
The range of survival curves for normal human fibroblasts are for cultured cell strains. 
(Tannock et al., 2005). 
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For study of the response of individual organs, one widely used approach is to define a level 
of functional deficit and to determine the percentage of irradiated animals that express at least 
this level of damage following different radiation doses. This approach results in sigmoidal 
dose response curves and dose-response relationships for normal tissues are generally quite 
steep and well defined. 


Increased cytokine and chemokine expression has been observed within hours after irradiation 
in both early and late responding tissues, when there are no apparent functional or 
histopathological changes, and may recur and/or persist in cycles over many months, 
simulating a chronic inflammatory condition. These inflammatory factors may induce 
production of damaging radicals such as reactive oxygen species independently of those 
caused directly by the radiation treatment. The interplay between these various factors (cell 
killing, cytokine production, vascular damage) in producing the overall tissue damage remains 
poorly understood but is likely to vary from one organ to another.  


2.5.2. Acute tissue responses 


Acute radiation responses occur mainly in renewal tissues and have been related to death of 
critical cell populations such as the stem cells in the crypts of the small intestine, in the bone 
marrow, or in the basal layer of the skin. These responses occur within 3 months of the start 
of radiotherapy but are not usually limiting for fractionated radiotherapy because of the ability 
of the tissue to undergo rapid repopulation to regenerate the parenchymal cell population. 
Radiation-induced cell death in normal tissues generally occurs when the cells attempt 
mitosis, thus the tissue tends to respond on a time scale similar to the normal rate of loss of 
functional cells in that tissue and the demand for proliferation of the supporting stem cells.  
Radiation-induced apoptosis has also been detected in many cells and tissues, such as 
lymphoid, thymic, and hematopoietic cells, spermatogonia, and intestinal crypts. In lymphoid 
and myeloid tissue a substantial fraction of the functional cells can die by apoptosis and, thus, 
this mode of death plays an important role in the temporal response of these tissues to 
irradiation. In the crypts of the small bowel there is a fraction of stem cells that die by 
apoptosis, and the others die a mitosis-linked death. It has been proposed that radiation-
induced endothelial cell apoptosis plays a role in early GI mucosal damage, but this remains a 
controversial issue and the significance of radiation-induced apoptosis in this tissue is unclear. 


Following irradiation of skin, there is early erythema within a few days of irradiation and this 
is believed to be related to the release of 5-hydroxytryptamine by mast cells, increasing 
vascular permeability. Similar mechanisms may lead to the early nausea and vomiting 
observed following irradiation of the intestine. Expression of further acute skin reactions 
(moist desquamation and ulceration) depends on the relative rates of cell loss and cell 
proliferation of the basal cells, and they occur more rapidly in murine (7 to 10 days) than in 
human skin (2 to 3 weeks). The extent of these reactions and the length of time for recovery 
depend on the dose received and the volume (area) of skin irradiated, because early recovery 
depends on the number of surviving basal cells that are needed to repopulate the tissue. 
Erythema in human skin occurs at single doses greater than about 6 Gy, while moist 
desquamation and ulceration occur after single doses of 20 to 25 Gy. Increased cytokine 
levels have also been observed in skin and plasma following large doses of irradiation. 


2.5.3. Late tissue responses 


Late tissue responses occur in organs whose parenchymal cells normally divide infrequently 
and hence do not express mitosis-linked death until later times when called upon to divide. 
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They also occur in tissues that manifest early reactions, such as skin/subcutaneous tissue and 
intestine, but the nature of these reactions (subcutaneous fibrosis, intestinal stenosis) is quite 
different from the early reactions in these tissues. Late responses (usually regarded as those 
which occur more than 3 months after treatment) usually limit the dose of radiation that can 
be delivered to a patient during radiotherapy. The nature and timing of late reactions depends 
on the tissue involved and can be expressed as diminished organ function, for example, 
radiation-induced nephropathy (symptoms of hypertension, increased creatinine and blood 
urea nitrogen levels) or functional loss. However, one common late reaction is the slow 
development of tissue fibrosis that occurs in many tissues (e.g., subcutaneous tissue, muscle, 
lung, gastrointestinal tract), often a number of years after radiation treatment. Radiation-
induced fibrosis appears to be associated with the aberrant and chronic expression of 
inflammatory cytokines, particularly TGF-β, following irradiation. This cytokine can 
stimulate proliferation of fibroblasts and their differentiation into fibrocytes that produce 
collagen. The volume of tissue or organ irradiated plays an important role in its response to 
irradiation but its roles may be different in different tissues, depending on the functional 
structure and functionality of the tissue. It is possible, for example, to given large doses to the 
whole of one kidney provide that the other kidney is functional and can take over the function 
of the damaged kidney. Similarly the dose required to cause functional impairment in lung 
depends on the volume of lung irradiated, with small volumes being able to tolerate quite 
large doses. The irradiated region will sustain severe damage and will develop fibrosis but the 
functional reserve of the lung will accommodate the loss of function of part of its volume. If 
this reserve is low, due to other damage, then lower doses can be tolerated. In contrast, in the 
spinal cord, giving a dose that severely damages the whole cross section of the cord to lengths 
of more than a centimetre is sufficient to disrupt the whole function of the cord and leads to 
myelitis. 


Apoptosis has also been observed within hours after irradiation of a number of late 
responding normal tissues in rodents, such as the salivary glands, pulmonary and brain 
endothelial cells and spinal cord. For example, in rat spinal cord endothelial cell apoptosis 
following irradiation appears to initiate the disruption of the blood/spinal cord barrier, which 
may be an early lesion leading on to the development of white matter necrosis and myelitis. 
Apoptotic endpoints, however, have often not correlated with clonogenic survival or 
functional or histopathological endpoints, and the relevance of apoptosis in radiation-induced 
late normal tissue damage remains to be established. 


2.5.4. Predicting normal tissue response 


Patients receiving identical radiation treatments may experience differing levels of normal 
tissue injury; thus predictive assays might be useful in identifying those patients at greater risk 
of experiencing the side effects of radiotherapy. The enhanced radiosensitivity of patients 
with ataxia telangiectasia (AT) and Nijmegen breakage syndrome (NBS) supports a genetic 
contribution to individual variability in radiosensitivity. Studies of breast cancer patients have 
also shown individual correlation of acute and late skin reactions in one treatment field with 
those in a different treatment field. Several studies have quantitated the in vitro 
radiosensitivity of fibroblasts and peripheral lymphocytes as a potential predictive assay for 
normal tissue damage. These studies have shown variations in the radiosensitivity of 
fibroblasts from individual patients, but have been inconsistent in predicting late radiation 
fibrosis. While large differences in radiosensitivity, such as those observed in AT patients, are 
sufficient to cause discernable differences in late normal tissue effects, the differences in 
radiosensitivity of normal cells between most patients may not be sufficient to override the 
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effects of the other factors, such as cytokine induction, chronic inflammation and vascular 
damage that also influence the development of normal tissue damage. 


2.5.5. Therapeutic ratio 


All successful radiotherapeutic treatments depend on a favourable therapeutic ratio since the 
treatment involves exposure of normal tissues as well as the tumour. The concept is illustrated 
in Figure 2.7, which shows theoretical dose-response curves for tumour control and normal 
tissue complications. Tumour-control curves tend to be shallower than those for normal tissue 
response because of heterogeneity. In the clinic the therapeutic ratio is often defined as the 
percentage of tumour cures that are obtained at a given level of normal tissue complications 
(i.e., by taking a vertical cut through the two curves at a dose that is clinically acceptable, e.g., 
at 5% complications after 5 years, to give the TD5/5 value). In animal models it is more usual 
to define the therapeutic ratio in terms of the ratio of radiation doses Dn/Dt required to 
produce a given percentage of complications and tumour control (usually 50%). It is then a 
measure of the horizontal displacement on the dose axis between the two curves. It remains 
imprecise, however, because it depends on the shape of the dose-response curves for tumour 
control and normal tissue complications. The curves shown in Figure 2.7A depict a situation 
in which the therapeutic ratio is favourable because the tumour-control curve is displaced to 
the left of that for normal tissue damage. The greater this displacement, the more radiocurable 
is the tumour. Because the tumour control curve is shallower than that for normal tissue 
damage, the therapeutic ratio is more favourable for low and intermediate tumour-control 
levels. If the two curves are close together (Figure 2.7B) or the curve for tumour control is 
displaced to the right of that for complications, the therapeutic ratio is unfavourable because a 
high level of complications must be accepted to achieve even a minimal level of tumour 
control. 


 


Fig. 2.7A and 2.7B Illustration of the concept of a therapeutic ratio in terms of dose-response 
relationships for tumour control and normal tissue damage (Tannock et al., 2005). 


2.5.6. Whole body irradiation 


The response of animals to single doses of whole body irradiation can be divided into four 
separate syndromes (prodromal, haematological, gastrointestinal, and neurovascular) that 
manifest following different doses and at different times after irradiation. Following doses 
greater than about 2 Gy, humans will develop early nausea and vomiting within hours of 


41







irradiation (prodromal syndrome), which may be controlled with 5-hydroxytryptamine 
antagonists. The hematopoietic syndrome occurs at doses in the range of 2 to 8 Gy in humans 
(3 to 10 Gy in rodents) and is caused by severe depletion of blood elements due to killing of 
precursor cells in the bone marrow. This syndrome causes death in rodents (at the higher dose 
levels) between about 12 to 30 days after irradiation and somewhat later in larger animals, 
including humans. Death can sometimes be prevented by bone marrow transplantation (BMT) 
and cytokine therapy (e.g., GM-CSF, G-CSF, stem cell factor) provided that the radiation 
dose is not too high (<10 Gy) when damage to other organs may become lethal. There are 
substantial differences in the doses required to induce death from the hematopoietic syndrome 
(i.e., LD50 value) between different species of animals and even between different strains of 
the same species. The LD50 value for humans has been estimated at 4 to 7 Gy depending on 
the available level of supportive care (excluding BMT). The gastrointestinal syndrome occurs 
after doses greater than about 5 up to 15 Gy and in rodents doses at the upper end of this 
range usually result in death at about 1 week after irradiation due to severe damage to the 
mucosal lining of the gastrointestinal tract; this causes a loss of the protective barrier with 
consequent infection, loss of electrolytes and fluid imbalance. Intensive nursing with 
antibiotics, fluid, and electrolyte replacement can prevent early death from this syndrome in 
human victims of radiation accidents, but these patients may die later due to damage to other 
organs (e.g. kidney, lung). The neurovascular syndrome occurs following large doses of 
radiation (>20 Gy) and usually results in rapid death (hours to days) due to cardiovascular and 
neurological dysfunction.  


2.6. Radiobiological basis of radiation protection 


2.6.1. Health consequences after total body irradiation from radiation accidents 


Radiation exposure of the total body with doses >2 Gy will cause clinical symptoms which, 
after higher doses may be so severe that they become life threatening. Such exposures are 
usually the consequence of accidents but such accidental exposures are rare. The most 
spectacular accidents were those in the nuclear industry which affected personnel such as the 
Tokaimura accident in 1999 in Japan when careless handling of sub-critical amounts of 
fissable material caused a chain reaction eventually killing 2 workers. The best known 
accident of the nuclear industry is the Chernobyl accident which lead to high total body doses 
in >200 rescue workers and firemen. Twenty eight of them died within 2 months from 
radiation sickness. 


More frequent than accidents in the nuclear industry are accidental exposures of non-involved 
people from lost or discarded radioactive sources such as cesium from radiotherapy 
equipment (in Brazil (1987), iridium sources for testing the quality of welding in pipelines (in 
Algeria, 1978), or forgotten radioactive sources used for the training of military personnel (in 
Ukraine, 1973). In contrast to the described nuclear industry accidents, where radiation 
exposure of the body was acute and fairly homogeneous, radiation exposure from accidents 
with lost radioactive sources is usually very inhomogeneous and protracted over days and 
weeks. 


The most dramatic “accidental” radiation exposures were caused by explosions of nuclear 
weapons. Two nuclear weapons exploded in Hiroshima and Nagasaki in August 1945, killing 
more than 100,000 people within a few weeks from mechanical injury and, above all, from 
thermal burns. These became even more lethal as a result severe radiation sickness. Other, 
unplanned accidental exposures to radiation from nuclear explosions occurred from weapons 
tests which caused high radiation doses in populations living at distances of >50 km from the 
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test site, such as near Semipalatinsk in Kazakhstan in 1948 and in the Marshall Islands in 
1954. 


The signs and symptoms of radiation sickness after an acute total body exposure are 
predominantly the consequences of radiation injury to the haemopoietic tissues in the bone 
marrow. Proliferating cells of the bone marrow decrease their proliferative activity after 
radiation exposure. Consequently, fewer cells are available for differentiation and maturation 
to white blood cells, red blood cells and platelets. Thus, the balance of cell production in the 
bone marrow and cell elimination from the peripheral blood is disturbed. Yet, mature cells of 
the myeloid line are not damaged by radiation exposures of a few Gy. Since mature 
granulocytes have a life span of only one day, the radiation-induced decrease of supply of 
granulocytes, called hypoplasia, will occur first, and followed by a decrease of the number of 
platelets. Since the time of granulocyte maturation between the last mitosis of myelocytes and 
the transit of early granulocytes into the blood is about four days – which is not disturbed in 
any way by radiation doses of a few Gy after total body irradiation - the decrease of 
granulocytes in the blood starts only after a delay of 4 days. Hypoplasia of the granulocytes 
(leukopenia or granulocytopenia) increases until day 12.  


The further development of the haemopoietic radiation syndrome depends on the number of 
bone marrow stem cells which survived radiation exposure and are stimulated into very fast 
regeneration. If, after day 12, the concentration of granulocytes in the blood is maintained at a 
plateau of about 1,000/μl, this can be taken as a prognostically favourable sign, indicating a 
high probability that the number of surviving bone marrow stem cells was high enough to 
regenerate the bone marrow without any long term damage to haemopoiesis. The hypoplastic 
phase reaches a minimum of granulocytes 6 weeks after radiation exposure. If, however, the 
granulocyte count continues to decrease after day 12, there is a high risk that the number of 
surviving bone marrow stem cells is insufficient to lead to rapid regeneration of haemopoiesis 
before severe, potentially fatal consequences of leukopenia and of thrombopenia develop. In 
these cases, the only therapeutic option is allogeneic stem cell transfusion (“bone marrow 
transplantation”). In less severe cases when there is hope that sufficient bone marrow stem 
cells survived which can be stimulated, the therapeutic application of growth factors, in 
particular of G-CSF may be given to lead to maximal stimulation of proliferation and 
maturation of granulocyte progenitors.  


The time course of decrease and recovery of platelets is similar to that of granulocytes but 
somewhat slower. Due to the long life span of erythrocytes, no significant anaemia is 
expected as a consequence of bone marrow hypoplasia, however, after the Chernobyl accident 
aneamia was common, caused by intravascular coagulation due to the widespread skin burns 
and the severe radiation injury of the skin from skin contamination with radioactive fission 
products. 


In animal experiments, the severity of the haemopoietic radiation damage increased with dose 
between 2 and 10 Gy. In mice, some animals are likely to die from septicaemia after a dose of 
around 5 Gy, caused by severe agranulocytosis and diffuse interstitial haemorrhage. Deaths 
occur at the time of the nadir of granulocyte depletion in the blood, i.e. in the third week after 
acute radiation exposure. Half of the animals are likely to die after a total body dose of 
approximately 7 Gy (LD-50). After 9 Gy, the chances of survival are small unless a specific 
therapy is initiated. There are no data sufficiently reliable to define a LD-50 value for humans. 
Moreover, the probability of survival depends more on other concomitant risk factors such as 
chronic infections, and on the quality of medical interventions. 
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The medical treatment of acute radiation sickness after total body irradiation which may 
become clinically significant between 2 and 5 weeks after irradiation is purely symptomatic 
(with the exception of the rare cases where stem cell infusion is indicated). The pathogenesis 
of the haemopoietic radiation syndrome is very similar to the pathogenesis of bone marrow 
damage from cancer treatment with cytotoxic agents. This means that the treatment of 
radiation sickness should follow the principles and methods established by medical oncology 
for treating haematological toxicity in cancer patients. Since in most cases, spontaneous 
regeneration of the bone marrow from surviving stem cells is likely, the primary aim of 
medical intervention is to bridge the period of critical granulocytopenia and thrombopenia, i.e. 
to prevent septic infections and internal haemorrhage. Bacterial decontamination of the gut 
and the oropharynx, replacement of platelets, treatment of infections with antibiotics, and 
prophylactic treatment is to prevent fungal and herpes infections. Such conservative treatment 
following the principles established by medical oncology is very successful. This is proven by 
the fact that none of the victims of the Chernobyl accident succumbed primarily to the 
haemopoietic radiation syndrome. Those, who died fell victims to the extensive and severe 
thermal and radiation burns of large areas of the skin. In all radiation accidents since the 
Chernobyl accident, prophylactic treatment with haemopoietic growth factors, in particular 
with G-CSF, has been used. This led to rapid restoration of the granulocyte count in the 
blood. However, the overall impact on survival was less convincing. 


Since the full signs and symptoms of the acute haemopoietic radiation syndrome after high 
radiation doses, which would require intensive treatment, does not occur until after a delay of 
3 – 4 weeks, there is no time pressure for assessing the prognosis and for planning adequate 
treatment. Criteria for triage to assess the prognosis and the need for treatment are shown in 
Table 2.5. These criteria were used with great success after the Chernobyl accident. The 
clinical signs such as vomiting in the first few hours after exposure, as well as hair loss and 
lymphocyte counts in the first week after exposure, are more important for medical decision 
making than any results of physical or biological dosimetry. 


TABLE 2.5 TRIAGE CRITERIA USED AFTER THE CHERNOBYL ACCIDENT  


Severity  Vomiting  Lymphocytes Hair loss Cytogenetic  Lethality 


   time   day 3   within 2 Radiation  including 


         weeks Dose   skin burns 
___________________________________________________________________________
Mild   no    >600   no  < 2 Gy  0/105 


Intermediate after 1-2 h  300-600  no  2 – 4 Gy  0/53 


Severe  after 30-60 min.  100-300  yes  4 – 6 Gy  6/23 


Very severe immediate  <100   yes  6 – 16 Gy  19/22 


The determination of radiation dose from accidental exposure in the first few weeks after the 
accident is commonly done by a combination of physical reconstruction of exposure scenarios 
and calculation of organ doses and total body doses as well as by biological dosimetry. The 
preferred method of biological dosimetry which has proven its value in many minor and 
major accidents is the determination of the frequency of unstable chromosome aberrations in 
stimulated lymphocytes. The method has been well standardised: phytohaemagglutinin is 
added to 5 – 10 ml heparinised blood to stimulate resting lymphocytes into proliferation. 
After incubation for 48 hours at 37C, cells entering mitosis are arrested in metaphase by 
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adding colchicine. It is important to arrest cells in their first mitosis since many of the severe 
chromosome aberrations which are used as “dosemeters” are eliminated in the first cell 
division. As a general rule, the number of dicentric chromosomes is counted in 500 arrested 
metaphases. If there are 25 dicentrics among 500 metaphases, a total body dose of 0.3 Gy can 
be assumed. After a dose of 3 Gy, there is, on average, one dicentric chromosome to be found 
in each metaphase. After homogeneous total body irradiation, the number of dicentric 
chromosomes per cell follows a Poisson distribution. Marked deviations from a Poisson 
distribution are an indicator of very inhomogeneous dose distribution which may have 
consequences for the prognosis. 


The frequency of dicentric chromosomes decreases exponentially with time with a half time 
of approximately 3 years. Therefore, this method is less suited to assess radiation doses many 
years after exposure. Modern cytogenetic techniques, in particular the FISH technique 
(fluorescent in situ hybridisation, permits the evaluation of balanced translocations many 
years after radiation exposure. Since they are as characteristic of radiation exposure as 
dicentric chromosomes they have been used successfully in many situations where 
retrospective dosimetry was the aim. 


2.6.2. Long term radiation risks from low radiation doses 


The dramatic experience of the people of Hiroshima and Nagasaki in 1945 was the initiator 
for a proposal by the National Academy of Sciences of the USA to develop a programme for 
life-long follow-up of all A-bomb survivors. This programme, started in 1949 by the US 
Atomic Bomb Casualty Commission (ABCC) and continued by US-Japanese co-operation in 
the Radiation Effects Research Foundation (RERF) is arguably the largest, most 
comprehensive and most detailed epidemiological study ever performed – and it has been 
decided that even now, more than 60 years after exposure, follow-up will continue. 


The results of this study are the most importance source of information on which rules and 
regulations of radiation protection are based. No other epidemiological study has comparable 
influence. Animal experiments and in vitro studies may provide mechanistic information but 
the RERF studies are the “gold standard” against which all other epidemiological and 
radiobiological studies on the long term effects of radiations on man have to be judged. The 
reason for this outstanding role is that in this study a large normal and healthy population of 
all ages and both sexes who have been exposed to a wide range of radiation doses to all 
organs of the body. Most important, however, is that through an incredibly massive effort, the 
radiation doses to all critical organs of each member of the cohort has been individually 
assessed by various methods of retrospective dosimetry. The various studies can be grouped 
into: (1) the Life-Span-Study (LSS). This prospective cohort study has been studying 
approximately 120,000 people. Radiation doses have been reconstructed in nearly 90,000. 
Approximately 5,000 had received a total body dose > 1Gy. The last comprehensive analysis 
of the fate of these A-bomb survivors was published by Preston et al (2003), and it 
encompasses all deaths from all diseases until December 1997 which could be attributed to 
radiation exposure. The extraordinary quality of the study is documented by the fact that only 
0.2% of cohort members were lost from follow-up. 52% of the cohort population had died 
before 1.1.1998, and 9,917 of these deaths were from cancer or leukaemia. Cancer incidence 
has been studied in parallel based on the cancer registries of the provinces of Hiroshima and 
Nagasaki. Thus, both cancer incidence and cancer mortality can be studied in relation to 
radiation exposure. (2) The Adult Health Study comprises 20,000 people, a subgroup of the 
LSS, predominantly those exposed to higher doses. Each member of this cohort is invited to a 
free health check every two years in the outpatient clinics of RERF. This way, also non-fatal 
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health effects are detected and analysed in relation to radiation exposure, such as skin cancer, 
alterations of thyroid function etc. (3) The F-1 Study comprises approximately 70,000 
children of parents who were exposed by the A-bomb explosions. This study is expected to 
give information on heritable radiation effects such as typical genetic diseases, but also about 
cancers in the offspring of irradiated people. (4) The In-Utero Study investigated the children 
born in Hiroshima and Nagasaki between September 1945 and May 1946 to detect potential 
radiation damage to the development of the embryo and fetus in utero.  


2.6.3. Radiation-induced cancer in the A-bomb survivors 


The most important and most significant long term health damage observed in the LSS of the 
A-bomb survivors is a dose dependent increased mortality from cancer. Among the 44,771 
deceased members of the life span cohort with detailed dosimetric information available, there 
were 9,335 deaths from cancer and 582 deaths from leukaemia. By analysing the relationship 
with radiation exposure, it has been concluded that approximately 440 cancer deaths (i.e. 
approximately 4%) and nearly 100 leukaemia deaths (i.e. approximately 15%) can be 
attributed to the radiation exposure from the bomb in 1945. Significant relationships to 
radiation exposure were found for the following types of malignant disease (in decreasing 
probability of cancer mortality): stomach, colon, lung, leukaemia, breast, oesophagus, 
bladder, ovary, liver. It is remarkable that some of the most common types of cancer in the 
general population are not induced to any significant extent by radiation such as cancer of the 
prostate, of the cervix or of the rectum. Since, at the time of the last evaluation of data, nearly 
50% of the cohort were still alive, it is not possible to make well-founded statements on the 
life-time risk of dying from radiation-induced cancer for people who were young at the time 
of exposure. However, cautious extrapolations have been made which are presented below. 


It has been observed in the LSS that people who had been exposed to radiation as children or 
adolescents develop radiation-induced cancer after a longer latency than those who were 
exposed later in life, more specifically, radiation-induced cancers tend to occur at the time 
when the age-related increase of spontaneous cancer risk occurs. This observation was the 
basis for the commonly used risk projection model, the “relative risk model”. It states that 
irradiation causes a dose-dependent increase of the relative risk of developing certain types of 
cancer. The overall risk of a person is estimated by his or her spontaneous cancer risk at the 
age of estimation (taken from national cancer statistics) multiplied with the dose dependent 
risk factor. Since the spontaneous risk of dying from cancer steeply increases with age, most 
radiation-induced cancers, according to this model, even in those irradiated before adulthood, 
occur after very long latencies, at ages higher than 60 years. Based on these and some other 
assumptions it has been estimated (ICRP 60) that the life-time risk of dying from radiation-
induced cancer after an acute exposure to 1 Gy (or 1 Sv) is 10%. If the dose is given over a 
period of weeks or months the risk factor is 5%, and if spread over a working life it is 4%.   


From the information collected by the LSS, the dependence of the risk of dying from 
radiation-induced cancer on factors other than dose has been determined, such as age, sex and 
irradiated organ. The risk factors presented above are mean values for the general populations, 
a mix of old and young, of male and female. Therefore, they should not be used to estimate 
risk for an individual person. 


In many situations of radiation exposure, such as in medicine or environmental radiation 
exposure, different organs receive very different radiation doses. Mainly based on the data of 
the LSS, but also some other epidemiological studies described in the next chapter, the 
relative contribution in the total radiation risk of radiation exposure of individual organs have 
been estimated. Three classes of organs have been identified and given organ weighting 
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factors (Table 2.6). The mean radiation dose to each organ is multiplied with the respective 
organ weighting factor. All weighted organ doses are added up to arrive at the radiation dose 
which would result in the same radiation risk if given homogeneously to the total body. This 
sum of weighted organ doses is called the effective dose. 


TABLE 2.6 ORGAN WEIGHTING FACTORS FROM ICRP IN 2007 (modified from ICRP 
ANNALS NUMBER 103) 


     Organs      Organ weighting factor 
High sensitivity   bone marrow, stomach, colon, lung  0.12 
     breast 
 
Intermediate sensitivity  Bladder, liver, oesophagus,  
     thyroid        0.04  
 
Low sensitivity   skin, bone surface    0.01 
     remainder tissues (13)    0.12 (in total) 
 
Genetic and Somatic  gonads (ovary, testis)    0.08  
effects from Gonadal 
exposure 
 


It is expected that as new information arises from the continuing research on the LSS 
population, these factors may need further revision. Recent studies demonstrated a significant 
dose dependent increase in mortality from cardiovascular disease after latencies longer than 
30 years. Also the re-evaluation of genetic risks may affect those numbers in future. These 
revisions are made after extensive consultations with radiation protection experts and 
radiation biologists by international committees, in particular by the International 
Commission on Radiological Protection (ICRP). 


2.6.4. Epidemiological studies in other radiation-exposed populations 


Other epidemiological studies which add important information for the assessment of the long 
term health consequences in radiation exposed people, mainly from radiation-induced cancer 
but also from other non-malignant diseases have been performed. Although, none individually 
has the same impact on radiation protection concepts as the Life Span Study, they help to 
specify the radiation risks from particular exposure scenarios (UNSCEAR 1994). The most 
important studies can be classified into: 


• Radiation workers 


• Studies in people who were exposed to radiation in the treatment of various diseases, 
such as 


1. Tuberculosis 


2. Ankylosing spondylitis (M. Bechtherew) 


3. Mastitis 


4. Cancer 
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• Studies in people who were exposed to high levels of naturally radioactive materials, 
in particular radon 


1.  Miners 


  2. People in homes 


• Studies in people who were exposed to the fall-out of nuclear explosions and 
accidents in the nuclear industry 


  1. Chernobyl 


  2. Marshall Islands 


  3. Techa River 


2.6.4.1. Radiation workers 


The first information on the risk of radiation-induced cancer was from studies comparing 
mortality of different medical professions. A significant increase in cancer mortality was 
found for radiologists who joined the profession before 1930, i.e. before strict rules and 
regulations were introduced to reduce occupational radiation exposure. Most occupationally 
exposed people today, also workers in the nuclear industry, receive very small radiation doses 
and no significant increase in cancer rates have been found with two exceptions which refer to 
the pioneering times of nuclear industry, i.e. workers in the reprocessing plant of Sellafield 
(UK) and workers in the plutonium factories of Mayak (former USSR). Particularly the latter 
is of great interest for radiation protection since it is the only major source of information on 
the radiation risks from plutonium. 


2.6.4.2. Patients  


Radiation played a bigger role in the treatment of various diseases up to the 1960s than today, 
with the exception of cancer for which the role of radiotherapy has been increasing steadily. 
Before the availability of powerful tuberculostatic drugs, pneumothorax with the aim of 
improving blood perfusion in the affected lung was a major treatment option. This required 
careful control of the collapsing lung which was done under permanent fluoroscopy. This 
way, the chest wall of patients accumulated very high radiation doses of up to >10 Gy. In 
females, a dose dependent increase in the risk of developing breast cancer was observed 
which depended strongly on age at exposure. Between the ages of 20 and 40 risk decreased 
dramatically, and there was little evidence that women after menopause were at any risk, if at 
all.  


Mastitis, i.e. bacterial inflammation of the breast of women soon after giving birth has been 
one of the most successful indications for radiotherapy of non-malignant diseases. Total doses 
often were <2Gy. Compared to the unirradiated breast, radiation caused a significant, dose 
dependent increase of the risk of cancer in the irradiated breast later in life. The results of both 
studies are important to test the results of the LSS with regard to the risk of breast cancer. 
Japanese women have a very low base-line incidence rate of breast cancer which caused 
uncertainty of how to extrapolate those findings to European and American women. In 
general, the relative risk model (taking the country specific base-line cancer risks into 
account) and the age dependence of risk are similar in these studies.  
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The study on the risk of leukaemia and cancer among 14.000 British patients who suffered 
from ankylosing spondylitis (M. Bechtherew) treated with radiotherapy to the spine with total 
doses of 6 – 12 Gy was the first study which provided convincing evidence that low radiation 
doses which do not cause any acute or late normal tissue damage still may cause leukaemia 
and cancer.  


It has long been discussed whether or not patients who have been successfully treated for 
cancer with radiotherapy have an increased risk of developing a second cancer. Second 
cancers, in general, are frequent after curative radiotherapy since the patient survives longer 
into an age when age-related cancer becomes increasingly frequent. From recent 
epidemiological studies it can be estimated that 80%-90% of second cancers after 
radiotherapy are due to the longer life span of a cured patient. The estimation of risk of 
radiation-induced cancer from radiotherapy of a first cancer can be derived from studies in 
patients with cancers which are frequent and have a similar chance of cure if treated with 
surgery or with radiotherapy, mainly cancer of the prostate, the breast and the cervix. From 
large prostate cancer study it can be concluded that if a patient is to be treated with 
radiotherapy, the risk of developing a radiation-induced second cancer is approximately 0.3%. 
(If this risk would be calculated using the organ weighting factors and the methodology 
described above for radiation protection purposes, the risk would be two orders of magnitude 
higher, because there is no allowance for cell kill after the high doses; therefore beware of 
doing this in people who are to receive radiotherapy for benign or for malignant diseases!). 
Half of the 0.3% risk of the radiation-induced cancers is in the low-dose regions such as lung 
and is probably induced by the same mechanism which is also responsible for the increased 
cancer risk of the A-bomb survivors. The other half is in the high-dose regions where 
radiotherapy frequently induced atrophy associated with chronic inflammation which is a 
well-known pre-cancerous lesion. The dose-incidence relationships of these two mechanisms 
are entirely different. 


2.6.4.3. People exposed to high radon concentrations 


Miners working in the hard rock mines in Saxony had long been known to die early from a 
wasting lung disease. More than 20 years before radioactivity was detected, in 1876 an 
epidemiological study in Schneeberg identified this lung disease as small cell lung cancer. 
This was related to the exposure of the miners working underground to an unknown 
carcinogenic agent in the air of the mines. It took 80 years until the cause of these lung 
cancers was identified as the decay products of the naturally radioactive noble gas radon. 
Numerous studies on miners, particularly working in uranium mines confirmed the early 
findings and defined a proportional relationship between the product of exposure time and 
radon decay product concentration in the air and the risk of lung cancer. As already proposed 
in the 19th century, forced ventilation of the mines reduced this risk to insignificant values.  


Since high radon concentration may also occur indoors in some regions with special 
geological features, several large epidemiological studies have been performed to see whether 
the radon levels often measured in different rooms of normal houses may also be associated 
with an increased risk of lung cancer. The results of these studies are unequivocal in 
demonstrating that a mean radon concentration of >200 Bq/m³ is associated with an increased 
risk. This value is therefore chosen as an intervention level which, if exceeded should initiate 
measures to reduce radon levels in houses. Of particular importance is the finding, both in the 
miner studies and in the indoor radon studies that radiation risk and smoking risk are supra-
additive, or even multiplicative. 
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2.6.4.4. Victims of nuclear accidents 


The Chernobyl accident led to exposure of large populations, particularly in the most affected 
regions of Ukraine, Belarus and Russia with small to moderate radiation doses from 
radioactive fall-out. The determination of radiation doses to individuals was very complicated 
and still is associated with some uncertainty. Several hundred-thousand rescue workers 
(called liquidators) were exposed to estimated radiation doses between 0.05 and 0.25 Gy, 
mainly through external irradiation from radioactivity deposited to the ground. Several large 
epidemiological studies in the different Independent States are under way to determine the 
long term health effects, in particular leukaemia, cancer, and cardiovascular diseases. The 
identification of potential causes of disease among those often traumatised people is 
complicated by the social disruption the Chernobyl accident has caused to the affected 
populations and the rescue workers. So far, no undisputed results have been published, 20 
years after the accident, although an increase in leukaemia rates look likely. On the other 
hand, there is no evidence of an increase in childhood leukaemia rates in any of the affected 
populations. The main health consequence of the Chernobyl accident is a massive increase in 
the rate of thyroid cancer among children. This was caused by uptake of large amounts of I-
131 with milk in the weeks after the accident. Many cases have been documented, in those 
people who were small children at the time of the accident. Estimation of radiation doses to 
the thyroid has revealed a mean value of approximately 0.2 Gy in the thyroid cancer cases. 
There is a very pronounced age dependence of risk, the younger the child, the higher the risk. 
With international assistance, a very comprehensive state-of-the-art medical treatment 
programme, including treatment with I-131 became available to all affected children as a 
result of which, so far, the number of fatalities is “only” small but is bound to rise in years to 
come since there are still many surviving with metastatic disease. The dose dependence of 
risk of thyroid cancer among the Chernobyl children is similar to the dose dependence 
established before in various epidemiological studies on people who were irradiated with X 
rays for various diseases such as tinea capitis or thymic hyperplasia.  


The United States of America tested their nuclear weapons between 1946 and 1956 on Bikini 
and Eniwetok in the Marshall Islands. This resulted in wide-spread contamination of distant 
atolls; however, radiation doses to the inhabitants were usually small, with the exception of 
one test in 1954 which went wrong, exposing the 82 inhabitants of Rongelap to external total 
body doses of approximately 2 Gy and 159 inhabitants of Utrik to 0.1 Gy by γ-rays from 
ground contamination. In addition, very high radiation doses to the thyroid of children 
resulted from incorporation of large amounts of I-131. Some Rongelapese children even 
developed clinical signs of myxoedema. Epidemiological studies described a high incidence 
of benign and malignant thyroid nodules in the most affected children. However, an 
epidemiological study on the entire population of the Marshall Islands did not provide 
undisputed evidence of an increased incidence rate of thyroid cancer as a result of radioactive 
fall-out from the bomb tests.  


The plutonium factory of Mayak near Chelyabinsk in Siberia discharged, in the early years of 
its operation from 1946, large amounts of radioactive waste into the River Techa, this way 
exposing the populations downstream to high doses of γ-rays from sediments of the river 
banks. A large international effort has been initiated to study the health of these many 
thousands of people and relate this to estimated radiation doses in the various villages and 
fields. The importance of this study rests on the expectation that the population studied is 
similar in many respects to the LSS cohort in that it is a large normal, healthy population 
exposed to similar doses as in the LSS. However, the Techa river population accumulated the 
radiation dose over several years while the LSS population received the same doses within 
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seconds. The initial results of this study suggest that this expectation may be met, in order to 
answer one of the most import questions of radiation protection, namely whether radiation 
doses protracted over many months are equally, or more, or less effective than the same doses 
inflicted in a few seconds. 


2.6.5. Mechanisms of radiation-induced cancer 


The development of cancer occurs over a long period of time following a multi-step process. 
The extraordinary length of the silent or latent phase can be estimated from the results of the 
LSS of the A-bomb survivors. In the majority of cases diagnosed so far, there were more than 
40 years between the radiation exposure which significantly contributed to the development 
of the cancers and their clinical manifestation. 


The steps of carcinogenesis have been classified into initiation, promotion and progression. In 
some cancers, each step has been associated with specific mutational events, in particular the 
inactivation of tumour suppressor genes and the activation of oncogenes. In some radiation-
induced leukaemias, the specific molecular changes have been identified. However, no typical 
“fingerprint-mutation” has been found so far for radiation-induced cancer, which would 
betray the causation by radiation exposure, The characteristic effects of radiation damage to 
the DNA permit the prediction that both the inactivation of tumour suppressor genes by 
deleting the whole gene or important parts of them, as well as activation of oncogenes by 
translocations of promotors to proto-oncogenes as a result of breakage/re-union mechanisms 
could occur after radiation exposure. So far, however, the results of basic radiobiological 
research do not permit the identification of the crucial molecular steps in radiation 
carcinogenesis which could also assist in defining the dependence of risk on low and very low 
radiation doses as they apply to modern medicine and industry and environmental radiation 
exposure. 


There is strong evidence from animal studies and some human studies that the risk of 
radiation-induced cancer may be determined by various genes, such as mutations of the Rb 
gene. Other genes discussed in this context include BRCA 1 and 2. However, at the present 
state of knowledge, the role of genetic susceptibility on individual risks of radiation-induced 
cancer cannot be resolved definitively, although there is general agreement that it will be 
important. The implications of such findings on the selection of people for special 
occupations with a high risk of radiation exposure also need serious consideration. 


2.6.6. Radiation effects in the developing embryo and fetus 


In Hiroshima and Nagasaki, >1,500 children born between September 1945 and March 1946 
were investigated at regular intervals between 1948 and 1964 to study the effects of radiation 
doses between 0.01 and >1 Gy on intra-uterine development at different stages of pregnancy. 
This study remains the only reliable source of information on the radiosensitivity of the 
unborn human.  


Whereas experimental studies in mice demonstrated a wide range of characteristic 
malformations such as spina bifida, exencephaly or bone malformation of the extremities at 
doses well below 1 Gy, with the type of malformations showing very strict dependence on the 
stage of pregnancy, no such malformations were found to be increased in a dose dependent 
way in the children of Hiroshima and Nagasaki. However, there were 18 children who 
presented with microcephaly and severe mental retardation. The mothers of 15 children had 
been exposed to radiations from the bomb explosions at close distance from the hypocentre 
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when they were in week 8 to 15 of pregnancy, while 3 were exposed in later stages of 
pregnancy. Findings of dystopic grey matter by MRI investigations of some of those severely 
retarded people are in accordance with the results on experimental studies of the effects of 
radiation doses < 1 Gy given to pregnant mice in late pregnancy. The migration and 
maturation of immature neural cells during the development of the forebrain was severely 
disturbed. The result of this disturbance of migration is disorganisation of the formation of the 
structure of the synaptic network. 


Damage to the intrauterine development of mice was found in none of the experimental 
studies after doses < 0.1 Gy. Also, in the studies of the Hiroshima children there is evidence 
for a threshold of 0.1 Gy. At higher doses, the risk of severe mental retardation increases 
rapidly to a value of 40% after 1 Gy. In later stages of pregnancy, the threshold dose may be 
higher. At the age of 10, all children who were exposed in utero had an IQ test. Also, the 
school performance at the same age was analysed. There was statistical evidence for a dose 
dependent decrease of the mean IQs as well as the mean school performance scores of those 
groups exposed in weeks 8 to 15 and 16 to 25 after doses >0.1 Gy. No decrease of intellectual 
development was recorded if irradiation had occurred before week 8 or after week 25, even if 
doses were >0.5 Gy. 


Embryos in the pre-implantation stage are very radiosensitive. However, the radiation damage 
inevitably will lead to death of the conceptus and early abortion. Those embryos that survive 
develop normally. In human early fetus, also in the first few weeks after implantation during 
the period of major organogenesis, a comparable all-or-nothing effect is likely, i.e. either an 
early, spontaneous abortion or normal development. The results of these studies as well as of 
some follow-up studies and anecdotal reports after medical exposures demonstrate the high 
radiosensitivity of the developing embryo and fetus, in particular during the time of brain 
development. The findings of a probably threshold of 0.1 Gy will influence the advice to be 
given to pregnant women after a diagnostic radiology procedure. In particular after abdominal 
CT investigations, careful analysis of radiation doses in the uterus as well as medical 
anamnestic exploration has to be performed. A recommendation of termination of pregnancy 
because of possible radiation injury is very unlikely in most cases either because radiation did 
not occur in weeks 8 to 15 or because radiation doses to the uterus from most radiological 
procedures is well below 0.1 Gy.  


2.6.7. Radiation-induced heritable diseases 


Ever since the ground-breaking experiments of Muller in 1927 who was the first to describe 
that X rays would produce mutations and heritable disease in the fruit fly, the major concern 
of radiation protection was the possible deleterious effects of ionising radiation on the health 
of future generations. The dramatic experience of the A-bomb explosions in Japan initiated a 
very large research programme, to study and to assess the genetic risk to populations from 
increased radiation exposure of the general population. The large epidemiological programme 
among the children of the A-bomb survivors (the F-1 Study) was not informative nor was any 
of the other studies which investigated the children of radiation workers or of radiotherapy 
patients. The reason for these negative findings is that each person, with the exception of 
identical twins, is genetically unique and that any changes induced by mutagenic agents are 
diluted in the vast heterogeneity between individuals. For this reason, it requires genetically 
homogeneous mammals to investigate, quantitatively, the mutagenic effects of radiations. 
Those studies have been performed in few large institutions on millions of highly inbred 
mice. Most of the studies used the seven locus method, i.e. a breeding study in which 
irradiated wild-type animals (usually males) which were homozygous for seven un-mutated 
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genes which code for recessive traits were mated with unirradiated “tester” animals, usually 
females, which were homozygous for the same 7 genes in the mutated state. Since all seven 
genes are recessive, all offspring of this mating look normal since all will be heterozygous for 
all 7 genes, unless a mutation is induced in the irradiated animal. The typical features of 
homozygosity in those progeny are clearly visible signs such as fur colour or ear shape etc., 
permitting rapid scoring of large numbers of animals. Without irradiation, the spontaneous 
mutation rate is 1:100,000. With increasing radiation dose this mutation rate increased 
following a linear dose response curve if protracted radiation is given. The spontaneous rate is 
doubled by a dose of 1 Gy (doubling dose DD).  


There is no good reason to assume that in humans, the doubling dose may differ significantly 
from that in mice. However, the mutation doubling dose does not give any useful information 
on the risk of heritable disease. Therefore, the mouse doubling dose is combined with 
information derived from human population genetics to estimate the risk of heritable disease 
in the progeny of irradiated people. Heritable diseases may occur as direct result of a mutation 
in a single gene (single gene disorders). Inheritance of these diseases follows the rules 
established by Mendel, and may be autosomal dominant, autosomal recessive or sex-linked 
recessive. For these “Mendelian” diseases, there is a straightforward relationship between 
mutation and disease and the pattern of transmission is simple and predictable. Data from 
human population genetics give an overall frequency of Mendelian diseases in the population 
of 2.4% (1.5% autosomal dominant, e.g. Huntington´s disease, 0.75% autosomal recessive 
e.g. Phenylketonuria, and 0.15% sex-linked recessive, e.g. Haemophilia). In addition, 
approximately 6% of live births are affected by a congenital abnormality with some genetic 
component and 65% of the population will develop, later in life, chronic disease with some 
genetic component as well, although environmental factors play a much bigger role. These are 
called multifactorial diseases and comprise common diseases such as diabetes, essential 
hypertension and coronary heart disease. This complexity of heritable diseases is incorporated 
in the present method of estimating the heritable risk among the progeny of irradiated people. 


The equation to calculate genetic risk combines population genetic data in humans and 
radiation genetic data in mice as follows: 


Risk = Prevalence x 1/Doubling Dose x Mutation Component x PRCF 


Risk is the probability that an offspring of the exposed person will develop heritable disease 
of one of the groups described above (Mendelian or multifactorial). The prevalence data are 
given above. For protracted irradiation, the accumulated dose in the gonads before conception 
is divided by 1. The mutation component is a factor which describes the relationship between 
the increase in the mutation rate and the rate of additional disease. Even for dominant diseases 
this is not 1, since the majority of existing mutations are inherited from parents and 
grandparents, often through many generations. A cautious estimate suggests that doubling of 
the rate of new dominant mutations will cause only a 30% increase of diseases with dominant 
inheritance in the first generation and 15% in the second generation. The same value of the 
Mutation Component is allocated to sex-linked recessive diseases. Since the development of 
single gene disease with recessive inheritance requires mutations in both alleles of the same 
gene, the relationship between a mutation and disease is very remote and the mutation 
component is therefore assumed to be close to zero. For multifactorial diseases, the 
relationship between mutation and disease is also not very close, and presently the mutation 
component is assumed to be 0.01. The potential recoverability correction factor (PRCF) has 
been introduced to account for the fact that the molecular structure of radiation-induced 
mutations differs markedly from the molecular structure of “spontaneous” mutations, in that 
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most spontaneous mutations are point mutations with a single base pair altered or a minute 
deletion whereas radiation-induced mutations are mostly large deletions, often affecting 
whole genes. These mutations are usually not compatible with inter-uterine development and 
most will lead to premature termination of pregnancy. The value of PRCF suggested today is 
0.15 to 0.3. 


Using this equation for estimating the risk of heritable diseases of a young man who had been 
exposed to a radiation dose of 1 Gy from radiotherapy, e.g. of pelvic lymph nodes of 
Hodgkin´s disease, the risk of radiation-induced dominant and sex-linked heritable disease 
would be: 


Risk = 0.0165 x 1 x 0.3 x 0.3 x 0.5 


The last factor of 0.5 has been introduced to account for the fact that only the father was 
irradiated. The result is a risk of less than 0.1%. The risk of multifactorial disease is similar at 
< 0.1% and the risk for radiation-induced recessive disease among the children is essentially 
zero. 


Recent considerations of the potential molecular, genotypic manifestations of genetic diseases 
of genetic damage induced in the germ cells of irradiated individuals and transmitted to the 
progeny took account of the relationship between the observed molecular changes in the DNA 
of irradiated cells and gene function and gene position. It has been suggested that the major 
genetic effect of radiation exposure is related to microdeletions, i.e. deletions of multiple, 
functionally unrelated, yet physically contiguous genes that are compatible with survival of 
the individual receiving them. Such microdeletions are known to cause multisystem 
congenital abnormalities which share some common features: mental retardation, growth 
retardation, various malformations. Unlike the majority of congenital abnormalities which are 
typical multifactorial disorders, these abnormalities would show the same inheritance pattern 
as autosomal single gene diseases. These diseases are rare. It has been estimated that the risk 
of these multi-organ congenital disorders after exposure to 1 Gy is approximately 0.1%. 
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3.  EXTRA MODULE FOR RADIATION ONCOLOGISTS 


3.1. Introduction 


The text and figures in this section on the biological basis of radiotherapy are revised and 
condensed from various chapters in Tannock et al (2005). 


Radiotherapy can involve either external beam treatment or brachytherapy with the choice 
depending on the type of tumour and location within the body. The dose of radiation delivered 
depends on whether the therapy is intended to be curative or palliative, on the volume of 
tissue to be irradiated and the expected toxicity to the surrounding normal tissues including 
factors such as the condition of the patient (age and other health problems that might increase 
the side effects of radiotherapy, e.g., connective tissue disorders, such as scleroderma). The 
relative radiosensitivity of the tumour cells is only rarely a factor in this decision. The side 
effects that may occur following local radiotherapy are directly linked to the normal structures 
and tissues within the irradiated volume and the effects increase with size of the dose fractions 
and the volume irradiated. Most curative radiotherapy regimens consist of daily fractions in 
the range of 1.8 to 3 Gy per day over a period of 5 to 8 weeks. Using modern planning 
techniques, doses up to about 75 Gy to the tumour can usually be achieved without causing 
severe side effects. The dose to normal tissues is usually limited to reduce the level of severe 
complications to no more than about 5 percent of the population after a period of 5 years 
(known as the TD5/5 value. Increased radiotherapy dose is associated with increased local 
control so this dose limit may be increased if radiotherapy is the only curative treatment 
option for the patient particularly for small fields. Palliative radiotherapy is given when the 
disease is incurable in order to achieve better pain control, to control bleeding, or to prevent 
tissue destruction or ulceration. These radiotherapy treatments are usually of short duration 
and consist of 1 to 3 fractions of 5 to 8 Gy or 5 to 10 fractions of 3 to 4 Gy. 


3.2. Physics  


External beam conformal radiotherapy employs three-dimensional planning using radiation 
beams given from different angles to maximize tumour dose while minimizing normal tissue 
irradiation. Imaging is used to localize the tumour and critical normal tissues in order to 
define the gross tumour volume (GTV). The final plan will deliver the maximum radiation 
dose to a slightly larger volume (the planning target volume, PTV) to account for microscopic 
disease beyond the detectable edge of the tumour, for body or organ movement, and for issues 
pertaining to the physics of the radiation beam. The plan is developed by computer simulation 
based on the energy and number of radiation beams and their orientation. The dose delivered 
to the different regions of the field by each of the beams is calculated and summed to create 
an isodose contour map. Verification images can be used to track successful delivery of the 
treatment and special techniques and markers are sometimes used to track organ movement 
within the body (e.g., movement of a lung tumour during normal breathing). Recent 
improvements in radiotherapy planning involve the use of intensity modulated radiation 
therapy (IMRT) in which the radiation beams are differentially regulated within the area of 
irradiation so that there are relatively low- and high-dose volumes of irradiation. The 
combination of multiple beams allows for better dose distributions resulting in a decreased 
volume of normal tissue in the high dose region (PTV) without compromising dose to the 
tumour. A recent application of this approach is stereotactic radiosurgery, which uses highly 
focused irradiation beams of charged particles (e.g., proton beams), γ-rays, or high energy X 
rays precisely collimated to target the tumour site.  
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These techniques often produce non-uniform dose distribution within the normal organs 
which makes it difficult to determination a precise relationship between normal tissue 
response and dose. Currently this is address by generating a dose-volume histogram (DVH) 
for each exposed organ in a patient as part of a modern radiotherapy plan. These DVHs can 
then be reduced to create one of more parameters (e.g. either an effective volume [Veff] 
irradiated to a reference dose or an effective dose [equivalent uniform dose; EUD] uniformly 
applied to the whole volume), which are used in a model for predicting normal tissue 
complication probability (NTCP). Several models have been proposed; however, currently the 
quality of clinical data available for such predictions is rarely sufficient to alter radiotherapy 
practice. One important complexity with IMRT plans is that increased volumes of normal 
tissue are exposed to lower doses within the entire body and this raises concerns as to the 
possibility of increased radiation-induced second malignancies. 


3.2.1. Brachytherapy, radionuclides, and radioimmunotherapy 


Low-dose rate radiation sources implanted into or beside the tumour (known as 
brachytherapy) can be used either alone or in combination with external beam radiotherapy 
for accessible tumours such as those of the cervix, prostate, head and neck, breast, bladder, 
lung, esophagus, and some sarcomas. Tissues close to the implanted source will receive a 
high dose and tumour cell killing will be high. Further from the source, normal cell killing 
will be less due to lower dose rates and a decreased total dose over the duration of treatment. 
Recently computer controlled brachytherapy systems have been designed to deliver short 
pulses of radiation (pulsed-dose brachytherapy) using a high-dose source traveling along a 
catheter track within the tumour. Radiobiological modelling suggests that the acute and late 
reactions are similar to traditional (continuous) brachytherapy as long as the gaps between 
pulses are less than 1 hour. Injected radionuclides can also be used if there is selective uptake 
by the tumour so that local irradiation may lead to death of the tumour cells. Iodine-131 (131I) 
is used to treat well-differentiated thyroid cancer, radiolabeled (e.g., indium-111) somatostatin 
analogues for the treatment of neuroendocrine tumours, and strontium-89 (89Sr) to treat bone 
metastases mainly in prostate cancer. The conjugation of radionuclides to specific antibodies 
allows targeted radiotherapy to tumours containing cells expressing the relevant antigens or 
receptors and is termed radioimmunotherapy. Radionuclides emitting α-particles or short-
range beta particles or electrons (e.g. Auger electrons) that can kill cells within a radius of 1 to 
3 cell diameters of the bound isotope are optimal for localized treatment. Currently, in 
patients, this approach is limited by the lack of specific uptake in tumour cells and the 
difficulties of accurate dosimetry and treatment planning.  


3.2.2. Charged particles and high LET radiotherapy 


Charged particles (protons, heavy ions) have a physical advantage because they can give 
improved depth-dose distributions for deep-seated tumours. Much of their energy is deposited 
in tissue at the end of particle tracks (i.e., in the region of the Bragg peak). Uncharged neutron 
beams do not demonstrate a Bragg peak and their depth-dose distributions are similar to those 
for low-LET radiation. There is also a potential biological advantage in that the oxygen 
enhancement ratio is reduced with high LET ions, so hypoxic cells are protected to a lesser 
degree. There is also reduced capacity for repair following high-LET radiation relative to that 
following low-LET radiation, a property partially responsible for the increased relative 
biological effectiveness (RBE) for high-LET radiations. The expected gains with protons are 
largely confined to improved dose distribution, while for neutrons any gains are likely to be 
related to the biological factors. One potential difficulty in using high-LET radiation is that 
because late-responding tissues demonstrate greater repair capacity than early-responding 


58







 


tissues, the reduction in repair capacity following high-LET irradiation may result in 
relatively higher RBE values for late-responding tissues. Clinical studies with fast neutrons 
have been associated with an increase in complications, particularly subcutaneous fibrosis, 
and randomized trials have not demonstrated therapeutic gain. In contrast, protons have 
demonstrated an advantage for treatment of tumours, such as choroidal melanomas and skull-
base tumours, which require precise treatment of a highly localized lesion and other tumour 
sites might also benefit. Proton therapy planning can also be combined with IMRT planning 
techniques to give finely contoured dose distributions, but cost limitations (i.e., the 
requirement of a cyclotron or synchrotron) currently preclude proton therapy as a common 
approach to radiotherapy. Similar problems limit the use of ions although there is currently 
increasing interest in the use of carbon ion beams. 


3.2.3. Boron neutron capture therapy (BNCT) 


Compounds enriched with boron-10 are administered prior to irradiation with a thermal 
neutron beam. Thermal neutrons interact preferentially with the 10B atoms in the tumours, 
and, a fission reaction produces high-energy charged particles (7Li and 4He) resulting in 
tumour cell killing. This technique has been investigated particularly for treatment of brain 
tumours. For an improved therapeutic ratio with BNCT, relatively high concentrations of 10B 
must be achieved in the tumour, with low concentrations in normal tissues. However, several 
studies show high concentrations of 10Bo in the vascular cells as well. New boronated 
compounds and new strategies for delivering the compounds have improved the differential 
concentrations achievable in tumours and surrounding normal tissues with encouraging 
results. However, the depth-dose distribution for the thermal neutron beam is relatively poor 
and this remains a limitation in the clinical use of this treatment approach.  


3.3. Molecular and cellular biology  


3.3.1. Techniques 


The cloning of the human genome and subsequent technical improvements have made it 
possible to isolate any specific gene. It is currently easier to isolate a gene than its protein 
product but the nucleotide sequence of an isolated gene can be used to deduce the amino acid 
sequence of its product. Small peptides corresponding to the proposed amino acid sequence of 
the product can then be synthesized and antibodies made against these peptides. Often the 
antibodies will react with the complete protein, allowing the subsequent isolation and 
purification of the gene product. Techniques commonly used for the genetic analysis of 
tumours are described below.  


3.3.1.1. Blotting techniques 


Southern blotting is a widely used method for analyzing the structure of DNA that involves 
the blotting of DNA on to a supporting matrix. The DNA to be analyzed is cut into defined 
lengths using restriction enzymes, denatured and the DNA fragments are separated using 
electrophoresis of an agarose gel; the smallest fragments migrate farthest and the largest 
remain near the origin. Pieces of DNA of known size may be electrophoresed at the same time 
to act as a molecular weight scale. A nylon membrane is placed on top of the gel and fluid is 
drawn through the gel (by vacuum suction) causing the DNA to migrate onto the nylon 
membrane, where it is immobilized. To determine the size of the fragment of DNA that 
carries a particular gene, a piece of the gene is separately cloned and made radioactive to 
create a probe. The nylon membrane containing all the fragments of DNA is incubated in a 
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solution containing the radioactively labeled (single-stranded) DNA probe. Under these 
conditions, the probe will anneal with homologous DNA sequences present on the membrane. 
Gentle washing will remove the single-stranded, unbound probe; hence the only radioactive 
DNA fragments remaining on the membrane will be those (homologous sequences) that 
hybridized with the labeled probe. To detect the region of the membrane containing the 
radioactive material, the nylon sheet can be placed on top of a piece of X ray film, enclosed in 
a dark container and placed at -70°C for several hours to expose the film. The film is then 
developed and the places where the radioactive material is located show up as dark bands. An 
almost identical procedure can be used to characterize messenger RNA. The mRNA is 
separated by electrophoresis, transferred to nylon membranes, and probed with a labeled, 
cloned fragment of DNA. The technique is called Northern blotting and is used to evaluate 
the expression patterns of genes. An analogous procedure, called Western blotting, has also 
been devised to characterize proteins. Following separation by denaturing gel electrophoresis, 
the proteins are immobilized by transfer to a charged synthetic membrane. To identify 
specific proteins, the membrane is incubated in a solution containing a specific primary 
antibody that will bind to the protein of interest, then incubated with a secondary antibody 
that is conjugated to horseradish peroxidase (HRP), biotin or a fluorochrome. The protein 
antibody conjugate can be detected by exposure to chemoluminescence detection reagents (or 
directly) as the emitted fluorescent light can be identified by short exposure to X ray film, 
allowing the bands of interest to be identified. This last step may now be done with high 
resolution imagers designed to detect radioactivity or light. 


3.3.1.2. Assays for DNA breaks 


The nuclei of cells can be digested and the DNA in a gel subjected to a constant or pulsed 
electric field to separate the fragments into bands in the gel. This provides a sensitive assay 
for radiation-induced double-strand breaks. In the Comet assay, nuclei can be partially 
digested and subjected to an electric field which stretches the radiation-damaged DNA into a 
comet-like tail. Digestion under alkali conditions reveals damage characteristic mainly of 
single-strand breaks (SSBs), and digestion under neutral pH reveals damage characteristic 
mainly of double-strand breaks (DSBs). 


3.3.1.3. The polymerase chain reaction 


Blotting techniques required many cells to produce enough DNA or RNA for hybridization 
analysis. The polymerase chain reaction (PCR) addresses this problem. A unique DNA 
polymerase enzyme called Taq polymerase (which is resistant to denaturation at high 
temperatures) and specific oligonucleotide primers are used to amplify the amount of cell 
DNA for further analysis. Usually DNA of about 200 to 1000 base pairs is amplified. 
Analysis by PCR requires precise knowledge of the sequences flanking the region of the gene 
of interest. Two short oligonucleotides complementary to the flanking regions can then be 
synthesized, and these are used as primers for Taq polymerase. All components of the 
reaction (target DNA, primers, deoxynucleotides, and Taq polymerase) are placed in a small 
tube and initially heated (~95°C) to denature (separate) the DNA duplex. Then incubation at 
~50°C allows hybridization of the primers to the single-stranded DNA followed by incubation 
at ~70°C to allow Taq polymerase to synthesize new DNA from the primers. This cycle is 
repeated every few minutes to create multiple rounds of amplification. The precise time of 
each cycle depends on the nature of the primers and the length of DNA to be amplified. 
Twenty cycles can theoretically produce a million-fold amplification. PCR can also be used to 
study gene expression or screen for mutations in RNA. It is first necessary to use reverse 
transcriptase to make a complementary single-strand DNA copy (cDNA) of an mRNA prior 
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to performing the PCR. The cDNA is then used as a template for a PCR reaction as described 
above. Reverse transcriptase PCR (RT-PCR), allows amplification of cDNA corresponding to 
both abundant and rare RNA transcripts, thereby providing a convenient source of DNA that 
can be screened for mutations.  


3.3.1.4. Single nucleotide polymorphisms (SNPs) 


DNA sequences can differ at single nucleotide positions within the genome as frequently as 1 
out of every 1000 base pairs and if SNPs are present in exons they may affect protein 
structure and function. For example, SNPs may be involved in altered drug metabolism due to 
their modifying effect on the Cytochrome P450 metabolizing enzymes. Most methods to 
characterize SNPs require PCR amplification of the sample prior to analysis, thus influencing 
the number of fragments that can be analyzed simultaneously. The sample is denatured and 
mixed with a known DNA sample and then partially renatured causing the formation of 
homoduplexes and heteroduplexes. Denaturing high-performance liquid chromatography 
(DHPLC) allows the automated detection of these different duplexes caused by pair 
mismatches due to single base substitutions, insertions, or deletions. Suspected 
polymorphic/mutated sites are then sequenced to verify the presence of such genetic variation. 


3.3.1.5. DNA sequencing  


The most frequently used method to sequence DNA is dideoxy-chain termination. This 
method is analogous to DNA replication in vitro, but it uses dideoxynucleotide triphosphates 
(ddNTPs) in the reaction. DNA sequencing is carried out in four separate reactions each 
containing one of the four ddNTPs (i.e., ddATP, ddCTP, ddGTP, or ddTTP) together with the 
other normal nucleotides. In each reaction the sequencing primers bind and start the extension 
of the chain at the same place. The extended chains, however, terminate at different sites 
when dideoxynucleotides are incorporated. This produces fragments of different size 
terminated at every nucleotide. Separation of the newly synthesized radioactive DNA on 
polyacrylamide gels allows visualization of each fragment produced in the sequencing 
reaction. Usually a sequence of 200 to 500 bases can be read from a single gel. In automated 
fluorescent sequencing, fluorescent dye labels are incorporated into DNA extension products 
and automated DNA sequencers can detect fluorescence from four different dyes that are used 
to identify A, C, G, or T extension reactions. The sequence of a strand of DNA can be 
compared to data available on public databases (such as www.ncbi.nlm.nih.gov ) to check for 
regions of sequence similarity.  


3.3.1.6. Microarray analysis 


This technique involves the production of DNA arrays or chips on solid supports for large-
scale hybridization experiments. There are two basic types of chip: in one, DNA probe targets 
are immobilized to a solid inert surface such as glass and exposed to a set of fluorescently 
labeled sample DNAs; in the second, an array of different oligonucleotide probes is 
synthesized in situ on the chip. The array, which may contain tens of thousands of probe 
targets or oligonucleotide probes, is exposed to fluorescently-labeled DNA samples, or 
cDNAs made from mRNA isolated from cells. The complementary sequences which 
hybridize to the chip are determined by digital imaging. DNA microarray analysis allows 
large-scale gene discovery, gene expression, gene mapping, and gene sequencing studies as 
well as detection of mutations or polymorphisms. Microarrays are very useful but they are 
also very misleading; better data analysis tools need to be developed to improve the accuracy 
of the microarrays.  
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3.3.1.7. Modifying gene expression 


Gene function can often be studied by transferring the gene into a cell different from the one 
from which it was isolated. A mutated oncogene, isolated from a tumour cell, may be 
transfected into a normal cell to determine whether it causes malignant transformation. A 
number of transfection protocols have been developed for efficient introduction of foreign 
DNA into mammalian cells, including calcium phosphate or Diethylaminoethyl-Dextran 
(DEAE-dextran) precipitation, spheroplast fusion, lipofection, electroporation, and transfer 
using viral vectors. For all methods, the efficiency of transfer must be high enough for easy 
detection, and it must be possible to recognize and select for cells containing the newly 
introduced gene. It is usually necessary to select for retention of the transferred genes before 
assaying for expression. For this reason, a selectable gene, such as the gene encoding 
resistance to the antibiotic neomycin, can be introduced simultaneously by taking advantage 
of the fact that frequently cells that can take up one gene will also take up another. For 
lipofection, plasmid DNA is complexed with a liposome suspension in serum-free medium. 
This DNA/liposome complex is added directly to cells grown in tissue culture, and after a 
three- to five-hour incubation period, fresh medium containing serum is added. The cells are 
incubated to allow expression of the transfected gene. Electroporation entails administration 
of an electrical current to a cellular-DNA mixture. Viral vectors are useful because they can 
be targeted to a variety of cell types. Retroviruses are very stable because their 
complementary DNA integrates into the host mammalian DNA, but only relatively small 
pieces of DNA (up to 10 kilobases) can be transferred. Adenovirus vectors take larger inserts 
and have a very high efficiency of transfer. Nonviral vectors, such as liposomes, can be used 
for transient expression of introduced DNA.  


An alternative approach to studying gene function is by its inactivation by introducing a DNA 
or RNA sequence that will specifically inactivate the expression of the gene of interest. This 
can be achieved by introducing DNA or RNA molecules with a base sequence where the 
order of the bases is opposite to that of the usual complementary strand (i.e. 3’→ 5’) instead 
of 5’→ 3’) within the target gene. So-called antisense RNA or DNA molecules can combine 
in vitro specifically with their homologous sequences in mRNA and interfere with the 
expression of that gene. Small complementary RNA molecules that can directly interfere with 
gene expression (RNA interference: RNAi), leading to the specific disappearance of the 
selected gene products, can also be used. RNAi interferes with the stability of the 
complementary mRNA transcript by initiating a degradation process. Specific gene 
inactivation in this way has the potential for therapy of tumours; for example, by inhibiting 
the expression of an oncogene. A limitation of the above technologies is that a high 
concentration of molecules must be efficiently delivered to all the tumour cells and must 
persist inside the cells for a prolonged period of time. Once the nucleic acids enter a cell, they 
are vulnerable to a variety of cellular nucleases. 


3.3.1.8. Proteomics 


Proteomics is the large-scale study of proteins, particularly their structure and function. 
Studying proteins requires two stages of sample preparation. Proteins are separated using 2-
dimensional electrophoresis, followed by identification using mass spectrometry (MS).  


Protein separation: 2-dimensional electrophoresis separates proteins based on size, as in 
regular electrophoresis, but also based on charge, or isoelectric point (pI). The first step is 
isoelectric focusing (IEF). The mixed protein sample is run on an immobilized pH gradient; 
the range of the gradient used depends on the expected proteins in the sample. The sample is 
added to the gradient and an electric current is applied. Proteins will be positively charged at 
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pH’s below their pI and negatively charged at pH’s above their pI. When the protein is at the 
point in the gradient where the surrounding pH is equal to its pI, there will be no charge on 
the protein and it will stop moving. Once enough time has passed for the proteins to settle in 
the gradient, the current is removed and the gradient is laid horizontally along an SDS-PAGE 
gel. An electric current is then applied and the proteins move horizontally out of the IEF 
gradient and into the polyacrylamide gel where they are separated based on molecular weight. 
This method can reproducibly separate mixtures of proteins. Once the proteins have been 
separated, they can be analyzed quantitatively as long as there is a reference sample. The 
amount of protein in cells under two conditions (e.g. aerobic and anaerobic) can be measured 
by staining with a fluorescent dye. The brighter the fluorescence, the more protein is present. 
Proteins that are expressed at different levels are then taken for further analysis and 
identification.  


Protein identification by mass spectrometry: The spots are cut out of the gel and digested 
into smaller polypeptide fragments (5 to 10 amino acids) by enzymes. The polypeptide 
fragments are analyzed by mass spectrometry, which will give the molecular weight of each 
fragment. Once the masses of the fragments have been determined, they are run through a 
sequence database and compared to find the actual amino acid sequence, and thus identity, of 
the protein.This method of protein analysis also gives information on any post-translational 
modifications that have occurred, such as alternate splicing, glycosylation or phosphorylation. 
Monitoring expression by this method is useful for measuring levels of active proteins in a 
cell and may give clues to the metabolism, signaling or other activities of a cell under varying 
conditions. 


3.3.2. Cell signaling 


Changes in the physical or chemical environment of the cell results in responses are brought 
about by elaborate networks of intracellular signals, caused by changes in protein 
phosphorylation and enzymatic activity, localization, and the formation of protein-protein 
complexes. Cellular responses are triggered by the recognition of extracellular signals at the 
cell surface that result in the activation of linked cytoplasmic and nuclear biochemical 
pathways. These signal transduction pathways control cellular processes from cell 
proliferation and survival to specialized functions such as the immune response and 
angiogenesis. When they are dysregulated, normal signaling pathways contribute to malignant 
transformation in human cells.  


3.3.2.1. Extracellular growth factors 


Cellular regulation can occur through direct cell-to-cell contact or cell contact with its 
surrounding extracellular matrix, but much of our knowledge of signal transduction pathways 
comes from studying the interaction of soluble growth factors with complementary growth 
factor receptors expressed on responsive cells. Growth factors influence cellular processes 
such as growth, proliferation, differentiation, survival, and metabolism via their interaction 
with specific transmembrane receptor protein tyrosine kinases (RPTKs). Most growth factors 
are small monomeric (i.e., single chain) polypeptides, such as epidermal growth factor (EGF). 
There are also dimeric polypeptide growth factors (i.e., those containing two chains of amino 
acids), such as platelet derived growth factor (PDGF). Growth factors may be freely diffusible 
or can reside in spacially restricted domains either through binding to components in the 
extracellular matrix or because they are membrane-anchored molecules that reside on the 
surface of the producing cells. Receptors for growth factors are membrane-spanning cell 
surface molecules that share the ability to phosphorylate themselves and other cytoplasmic 
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proteins on tyrosine residues, thereby activating a signaling cascade. Binding of the growth 
factor or ligand induces conformational changes in the extracellular domain of the receptor 
that facilitates dimerization (i.e., joining together) or clustering of receptor tyrosine kinases. 
The consequent conformational changes in the growth factor receptor bring together two 
intracellular catalytic domains, resulting in intermolecular autophosphorylation 
(transphosphorylation) of tyrosine residues. Phosphorylation of key residues within the kinase 
activation loop induces the opening of the catalytic site and allows access to ATP and protein 
substrates, while phosphorylated residues in noncatalytic regions create docking sites for 
downstream signaling molecules that are essential for signal propagation. Abnormal RPTKs 
involved in cancer are deregulated making their catalytic activity independent of ligand 
binding. For example, the HER2/neu (human epidermal growth factor gene 2) proto-oncogene 
encodes an RPTK (receptor protein tyrosine kinase) that is frequently amplified in human 
breast and other tumours. Increased expression is thought to increase the concentration of 
active dimers generating continuous and inappropriate cellular signaling.  


3.3.2.2. Cytoplasmic signaling molecules 


Signaling pathways downstream of activated RPTKs are constructed through interactions of 
specific proteins that create networks of signaling molecules. A unifying feature of 
cytoplasmic signaling proteins is the presence of one or more conserved noncatalytic domains 
that mediate sequence specific protein-protein interactions. Many of these domains bind 
specifically to short (typically less than 10 amino acids) contiguous regions of their target 
protein. Activation of growth factor receptors results in the autophosphorylation of the 
receptor at multiple tyrosine residues, and results in the creation of a number of docking sites 
for cytoplasmic proteins. The activity of both receptor and cytoplasmic tyrosine kinases is 
tightly regulated. The opposing action of protein tyrosine phosphatases can eliminate docking 
sites for proteins or inhibit tyrosine kinase activity by dephosphorylation of regulatory 
phosphorylation sites in the kinase activation loop. Regulation of receptor levels at the cell 
membrane is another mechanism used to regulate activity. The rapid removal of receptors 
from the cell surface by endocytosis allows a cell to return to an unstimulated, basal state after 
receiving and responding to a specific signal.  


3.3.2.3. RAS proteins 


Three distinct mammalian RAS protein isoforms—H-RAS, K-RAS, and N-ras—are part of a 
large family of small (low molecular weight) guanine nucleotide triphosphate (GTP) binding 
proteins. The three RAS proteins have a molecular weight of 21 kilodaltons (hence the 
designation p21RAS) and share 85 percent sequence homology. The RAS proteins are 
GTPases that cycle between an active GTP-bound ‘on’ and an inactive GDP-bound ‘off’ 
configuration in response to extracellular signals, essentially functioning as a molecular 
binary switch (Figure 3.1). In the active GTP-bound form, RAS proteins bind to a number of 
distinct effector proteins that in turn, activate downstream signaling cascades. One of the best 
characterized is its interaction with the protein kinase Raf-1 activates its kinase activity, and 
consequently the downstream cascade of protein kinases, including MEK (mitogen activated 
kinase kinase) and ERK (extracellular signal-regulated kinases) and the p110 catalytic subunit 
of PI-3K (phosphatidylinositol 3-kinase; see below). For normal function RAS proteins are 
post-translationally modified by a protein farnesyl transferase that adds an isoprenoid chain 
group to a cysteine residue in the carboxy terminus of RAS proteins. This covalently linked 
farnesyl group is required for RAS association with intracellular membranes. Both H-ras and 
N-ras are also subsequently modified by the addition of two palmitoyl long chain fatty acids 
that are important for the correct localization of these proteins to specific membrane locations. 
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RAS proteins regulate cell cycle progression, cell survival, and cytoskeletal organization 
(Figure 3.1). Oncogenic mutations of RAS have been identified that inhibit its intrinsic 
GTPase activity, trapping it in the activated GTP-bound state and leading to cell 
transformation. Mutated K-RAS has been identified in a number of different cancers 
including those of the lung, colon and pancreas. 


 


Fig. 3.1 Ras protein activation and downstream signaling: (A) Ras cycles between an inactive 
GDP bound state and the active GTP bound state. Ras activation is regulated by guanine 
nucleotide exchange factors (GEFs) that promote exchange of GDP for GTP. GTP hydrolysis 
requires GTPase activating proteins (GAPs) which enhance the weak intrinsic GTPase 
activity of RAS proteins, (B) Once in its active GTP bound form, RAS interacts with different 
families of effector proteins including RAF protein kinases, phosphoinositide 3–kinases (PI-
3K), and RALGDS, a GEF for the RAS related protein RAL. Activation of these downstream 
pathways leads to cellular responses including gene transcription, cell cycle progression, and 
survival (Tannock et al. 2005).  


3.3.2.4. Mitogen activated protein kinase (MAPK) signaling pathways 


These are highly conserved signaling pathways in all eukaryotic cells that respond to 
divergent signals, including growth factors and environmental stresses such as osmotic stress 
and ionizing radiation. All MAPK pathways include a core three-tiered signaling unit, in 
which MAPKs are activated by the sequential activation of linked serine/threonine kinases. 
The MAPK is activated by phosphorylation of threonine (Thr) and tyrosine (Tyr) residues by 
a family of dual specificity kinases, referred to as MEKs or MKKs (MAPK-kinase). MEK 
activity is regulated by serine and threonine phosphorylation catalyzed by kinases called 
MAP3Ks (MAPK-kinase-kinase). Three distinct MAPK pathways in mammalian cells are the 
extracellular signal regulated kinase 1 and 2 (ERK1/2), the c-Jun N-terminal kinase or stress 
activated protein kinase (JNK/SAPK), and p38 (Figure 3.2). Activation of Ras proteins causes 
the activation of Raf-1, a MAP3K upstream of ERK1/2. ERK kinase activation is part of a 
final common pathway used by growth factor receptors such as those for EGF and by more 
diverse stimuli from cytokine receptors and antigen receptors. Raf-1 directly activates MEK-
1/2 by phosphorylating it on serine residues, which enhances the availability of the catalytic 
site to potential substrates. Activated MEK-1/2 is a dual specificity kinase that phosphorylates 
the ERK kinases, which induces both catalytic activation of ERK and its translocation to the 
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nucleus. Nuclear ERK interacts with specific transcription factors leading to their 
phosphorylation and activation of specific transcriptional targets. The SAPK (stress activated 
protein kinase) and p38 pathways mediate responses to cellular stresses such as extremes of 
heat, exposure to ultraviolet and ionizing radiation, anticancer drugs, and exposure to 
potentially damaging biologic agents such as the cytokines IL-1 and tumour necrosis factor 
(TNF). The core components of the SAPK and p38 parallel those of the ERK pathway, 
although the upstream activation steps are less well defined. Deregulation of MAPK signaling 
has been implicated in malignant transformation. Increased levels of activated ERKs are 
found frequently in human tumours, and often are attributable to the presence of mutations in 
Ras or other upstream components in the growth factor signaling cascades. Activating 
mutations in BRAF, a Raf-1 related kinase, are found in greater than 60 percent of human 
melanomas and at lower frequency in a wide range of other human tumours. 


 
Fig. 3.2 MAPK signaling pathways. Parallel signaling pathways include MAP3Ks that 
respond to distinct stimuli, and activate the dual specificity MKKs, which in turn activate the 
MAPKs. The activated ERKs, SAPKs, and p38 family members induce distinct cellular 
responses as described in the text. (Tannock et al., 2005) 


3.3.2.5. Phosphoinositide signaling pathways 


Phosphoinositides are phospholipids of cell membranes that are dynamically regulated in 
response to growth factor signalling. They contribute to signal propagation by serving as 
precursors of the second messengers IP3 (inositol triphosphate) and DAG (diacylglycerol), or 
by binding to signaling proteins that contain specific phosphoinsitide binding modules. In 
response to growth factor signaling phosphoinositides can be phosphorylated or 
dephosphorylated by lipid kinases and phosphatases at distinct positions on the inositol ring. 
Activation of phosphoinositide 3-kinase (PI-3K), which specifically phosphorylates the 3- 
position, leads to the rapid production of phosphatidylinositol-3, 4, 5-trisphosphate (PtdIns (3, 
4, 5) P3). The protein serine/threonine kinases PDK1 (pyruvate dehydrogenase kinase, 
isozyme 1), and Akt/PKB are recruited in the vicinity of activated receptors where PKB 
(protein kinase B) is activated by conformational changes evoked by phospholipid binding 
and its subsequent phosphorylation by the constitutively active PDK1. Substrates for activated 
PKB include regulators of apoptosis, or regulators of cell growth. PDK1 also phosphorylates 
other protein targets including ribosomal p70 S6-kinase, part of the mTOR pathway and a key 
regulator of cell growth through control of the protein translation machinery. The importance 
of phosphoinositides in human cancers was clearly revealed by the discovery that numerous 
human malignancies are associated with inactivating mutations in the PTEN gene (a human 
gene that acts as a tumor suppressor). PTEN is a 3-phosphoinositide phosphatase, that 
functions as a major negative regulator of PI-3K (phosphoinositide-3 kinase) signaling.  


66







 


3.3.2.6. Transcriptional response to signaling 


Activation of signaling pathways leads to transcription of new genes that coordinate cell 
growth, cellular differentiation, cell death, and other biological effects. Transcription of genes 
is catalyzed by the enzyme RNA polymerase II and regulated by transcription factors that can 
activate or repress gene expression by binding to specific DNA recognition sequences, 
typically six to eight base pairs in length, found in the promoter regions at the start of genes. 
The activity of transcription factors can be modified, most often by phosphorylation, through 
the activity of many of the signaling pathways described above, but most notably by the 
MAPKs. Transcription factor activity may also be enhanced through interaction with small 
molecules (e.g., steroid hormones) or by signal-induced release from inhibitory interactions 
such, as for NFkB (normally bound by the inhibitor IkB, which is released upon 
phosphorylation). Both transcription activators and repressors exert their effects by binding to 
multisubunit co-activators or corepressors that act to modify chromatin structure and 
assembly of DNA polmerase complexes. Enzymes that regulate histone acetylation and 
phosphorylation are key components of transcriptional activator and repressor complexes.  


3.3.2.7. DNA/Chromatin structure and function 


The structure and activity of chromatin can be altered by posttranslational modifications (e.g., 
acetylation, phosphorylation, methylation, and ubiquitylation). The acetylation status of 
histones, the core proteins of nucleosomes, can regulate gene expression by altering 
chromatin coiling. Histone acetylation near the promoter regions of genes facilitates the 
interaction of the DNA with transcription factors whilst deacetylation results in more 
condensed chromatin structures that inhibit assembly of the transcription machinery at the 
promoter. Histone deacetylase (HDAC) inhibitors promote acetylation, leading to the 
uncoiling of chromatin and depending on the cell type, can lead to transcriptional activation of 
about 2 percent of human genes, including tumour suppressor genes. Treating cells with 
HDAC inhibitors can increase cell cycle arrest, induction of apoptosis, and differentiation in 
cancer cells. Methylation of cytosine bases in DNA can also play an important role in 
inactivating genes and has been implicated in the inactivation of many of the tumour 
suppressor genes that cause familial cancers. Usually, there is a gain of methylation in 
normally unmethylated CpG islands within the DNA (genomic regions that contain a high 
frequency of CG dinucleotides). Methylation-induced transcriptional silencing begins early 
during the process of genetic instability and can affect many genes that are important in 
tumour progression. Given that methylation is a potentially reversible state, this creates a 
target for novel cancer therapeutic strategies involving gene reactivation. Both retinoic acid 
and 5-aza-deoxycytidine can reverse DNA methylation and re-activate expression of normal 
regulatory genes, thereby leading to the regression of some human leukaemias. Several 
HDAC inhibitors have shown impressive antitumour activity in vivo at nanomolar 
concentrations and are currently in phase I and phase II clinical trials alone, or in combination 
with demethylating agents. 


3.3.3. Oncogenes and tumour suppressor genes  


There is substantial evidence that multiple genes must be mutated or deregulated in a single 
cell to cause malignant transformation and cancer growth. Thankfully this is a rare event. 
Most cells that harbour even a single mutation are either targeted for repair or are cleared 
from the organism by protective mechanisms including immune surveillance or activation of 
cellular suicide programs (apoptosis). Not all mutations contribute to tumour development: 
the genetic material in each of our cells is estimated to encode approximately 30,000 genes, 
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and mutations in less than 10 percent of these genes contribute to the carcinogenic process. 
Genes that may contribute to tumourigenesis play key roles in regulating critical cellular 
processes such as cell division, lifespan, differentiation, angiogenesis, invasion, and death. 
They can be divided into two categories: oncogenes and tumour suppressor genes.  


3.3.3.1. Oncogenes 


Two copies or alleles of each gene exist in every cell. Specific mutation of one allele converts 
the normal “protooncogene” to the activated, transforming oncogene that can contribute to the 
carcinogenic process. The oncogene is dominant over the protooncogene and generally results 
in a protein product that is deregulated and/or constitutively active. Oncogenic conversion is a 
gain to loss or inactivation of both alleles is required for transformation. Tumour suppressors 
are also known as recessive oncogenes or anti-oncogenes and their inactivation represents a 
loss-of-function mutation. Both oncogene activation and tumour suppressor inactivation 
collaborate in the stepwise progression to tumourigenesis. Here we will focus on these cancer 
genes and outline how they have been identified, the genetic abnormalities associated with 
deregulation, the nature of the specific gene products, their mechanisms of action, and recent 
advances to counteract these tumour-promoting lesions with novel anticancer therapeutics. 


3.3.3.2. Tumour suppressor genes 


Approximately 1 percent of all human cancers arise in individuals with a hereditary cancer 
syndrome. Even though such conditions are relatively rare, investigations of the affected 
individuals and of mutations of genes associated with their disease have proven invaluable in 
understanding the genetics and etiology of cancer. Most inherited cancer syndromes are a 
consequence of germline transmission of inactivating, loss-of-function mutations in tumour 
suppressor genes. Unlike oncogenes, whose mutations are associated with sporadic tumours 
and act in a dominant manner, mutations of tumour suppressor genes are recessive at the 
somatic level, and the remaining wild-type allele is inactivated during cancer development. 
Phenotypic and clinical manifestations of numerous inherited cancer predisposition 
syndromes, together with the known genetic events associated with them, are catalogued in an 
expanding Online Mendelian Inheritance in Man (OMIM) database 
(www.ncbi.nlm.nih.gov/omim). Studies by Knudson investigating the epidemiology of 
familial retinoblastoma, an autosomal dominant hereditary form of retinal cancer led to the 
two hit hypothesis (Knudson, 2001), highlighting the importance of recessive mutations in 
tumourigenesis. In contrast to sporadic cases of retinoblastoma (Rb), patients with familial 
disease were likely to develop a more severe, bilateral or multifocal disease at an earlier age 
of onset. Based on these observations, Knudson proposed that two mutations, or two hits, 
were required for retinoblastoma to appear in both sporadic and familial cases. In familial 
retinoblastoma, the first mutation (in one of the alleles of the Rb gene) is transmitted through 
the germline and is present in all cells, whereas the second mutation needs to occur 
somatically. Thus a second hit (in the other allele of the Rb gene) in only one retinal cell is 
sufficient for the tumour to arise, in agreement with the dominant inheritance of familial 
retinoblastoma. In sporadic (noninherited) retinoblastoma, both mutations and hits have to 
occur within the same somatic cell, statistically a far less likely event. Genetic defects of 
tumour suppressor genes also occur frequently in sporadic cancer, both during tumour 
initiation and progression.  


Cytogenetic studies in lymphocytes of patients with familial cancers provided important 
information about the chromosomal location of tumour suppressor genes. For instance, 5 
percent of retinoblastoma patients had interstitial deletions on chromosome 13q14, whereas 
Wilms tumour patients frequently had deletions on chromosome 11p13, pointing to the 
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chromosomal position of tumour suppressor genes associated with these diseases. Recent 
studies have indicated that small deletions and point mutations are more commonly found 
than large deletions in tumours. Information relating to genetic alterations in cancer can be 
accessed through an interactive, database (http://cgap.nci.nih.gov/Chromosomes/Mitelman). 
Genetic material in all somatic cells is comprised of equal contributions of maternal and 
paternal chromosomal material. Small DNA sequence differences (polymorphisms) between 
parental chromosomes, termed heterozygosity, are present at most genetic loci. In tumours, 
the wildtype allele of a tumour suppressor gene is commonly replaced by a mutated one 
through the processes of mitotic recombination, chromosomal nondysjunction, or gene 
conversion, resulting in the absence of DNA polymorphism, termed loss of heterozygosity 
(LOH). Loss of heterozygosity can also arise from a complete absence of the wild-type allele, 
as in the case of large deletions or partial or complete chromosomal loss.  


3.3.3.3. The p53 gene 


The p53 tumour suppressor gene is mutated in more than 50 percent of all human cancers and 
provides a selective growth advantage for cells harbouring its mutations. Genetic studies in 
mice have demonstrated that p53 is not essential for normal growth and development but mice 
carrying p53 mutations are highly susceptible to tumour development, particularly of 
lymphoid origin, confirming the role of p53 as a tumour suppressor. Human carriers of a 
heterozygous p53 mutation suffer from Li-Fraumeni syndrome (OMIM #151623), a rare 
autosomal dominant disorder characterized by early onset mesenchymal and epithelial 
malignancies at multiple sites. Tumours in Li-Fraumeni patients display LOH and absence of 
the wild-type p53 allele in tumour cells. p53 structural features suggest a function in 
regulation of gene expression. Numerous genes that contain DNA elements specifically 
targeted by p53 within their promoters have been discovered, indicating that p53 might have 
multiple functions in tumour suppression. In response to cellular stresses induced by DNA 
damage, hypoxia, or oncogene activation, intracellular levels of p53 increase and activation of 
p53 induces an arrest of cells in G1 phase of the cell cycle. It is believed that a transient p53-
induced G1 arrest allows DNA repair to occur before replication, thus preventing cells with 
damaged DNA from entering S phase. One of the most prominent transcriptional targets of 
p53 is p21 (Cip1/Waf1), a 21 kDa inhibitor of cyclin-dependent kinases important for proper 
G1-S cell cycle transition. Cells lacking p53 have an increased incidence of genetic instability 
and gene amplification. p53 also has a function in programmed cell death or apoptosis and in 
response to agents that induce double strand DNA breaks, p53 initiates an apoptotic program 
in a number of cell types. p53 protein is also a common target of DNA tumour virus proteins, 
including SV40 large tumour antigen, the adenoviral E1B protein, and the papillomavirus E6 
protein, as well as certain cellular oncogenes. The transforming potential of these molecules is 
often directly dependent on their ability to interact with p53 and impair its function. Thus, 
molecules involved in the regulation of p53 form an elaborate oncogene-tumour suppressor 
gene network. The existence of such networks has been demonstrated for the majority of 
known tumour suppressor genes.  


3.4. The cell cycle 


Cells can be recognized by morphological criteria in mitosis (M). DNA synthesis takes place 
only in a specific period in the cell cycle termed the synthesis or S phase. The gaps (G)  
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Fig. 3.3 Overview of the cell cycle. The cell cycle is classically divided into the G1 (G, gap), S 
(DNA synthesis), G2 and M (mitotic) phases. The majority of cells in living organisms are in a 
quiescent G0 phase. Transition between these phases is governed by positive effectors (cyclins 
and cyclin-dependent kinases) and negative (INK4 and KIP family) regulators (Cdk 
inhibitors). Phosphorylation of the retinoblastoma protein (Rb) removes its restraining effect 
on the G1-to-S phase transition. p21 and p27 play both activating and inhibitory roles for 
Dtype cyclin-Cdk (Tannock et al., 2005)  


between M and S phase and between S phase and M are called, respectively, the G1 and G2 
phases (Figure 3.3). Following M, cells may also enter a quiescent G0 phase in the absence of 
stimuli triggering further cell division cycles. Many cells in normal adult tissues are in a 
quiescent G0 state. In the presence of a sustained mitogenic stimulus, cells in G0 or G1 
progress to a restriction point (R), beyond which a cell is committed to enter S phase. After 
the R point, growth factors present in the environment are no longer required for progression 
into S phase and completion of G2 and M phases. In cancer cells, deregulation of multiple 
control mechanisms results in cells with different degrees of autonomy from extracellular 
growth-stimulatory or growth-inhibitory signals, making them more likely to meet the 
requirements for transition through the R point. Progression through the cell cycle is 
coordinated by a tightly regulated series of events involving the synthesis, assembly, and 
activation of key cell cycle regulatory complexes comprised of cyclins and cyclin-dependent 
kinases (Cdks), followed by their subsequent disassociation and degradation. Multiple 
mechanisms regulate the timing of these processes, including transcriptional and translational 
controls, posttranslational control via ubiquitin-mediated proteolysis, as well as regulation of 
the subcellular localization of proteins.  


3.4.1. Cycle-dependent kinases and cyclins 


Mammalian Cdks comprise a family of ten serine-threonine protein kinases (Cdk 1–10) that 
catalyze different cell cycle transitions. A Cdk molecule binds to an activator molecule known 
as a cyclin, which is an absolute requirement for Cdk activation. In addition, Cdks are 
regulated by site-specific phosphorylation and by the binding of Cdk inhibitors. Activation of 
Cdks requires the phosphorylation of a conserved threonine residue that is catalyzed by the 
Cdk-activating kinase (CAK). This phosphorylation elicits a conformational change that, 
together with cyclin binding, is required for kinase activity. Cdk-activating kinase is active 
throughout all phases of the cell cycle, but its access to the Cdk substrate is cell cycle 
regulated. Inhibition of CAK action on, or access to the Cdks, prevents phosphorylation and 
activation of Cdks and leads to cell cycle arrest. These processes are controlled through the 
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cell cycle by the interplay between the Wee-1 and Myt-1 kinases and a group of cell division 
cycle (Cdc) phosphatases Cdc25A, B, and C.  


3.4.2. Activation of Cdks by binding to cyclins  


The family of mammalian cyclins (A to H) all shares a conserved sequence of about 100 
amino acids, referred to as the cyclin box. Different cyclins bind and activate different Cdks, 
and activated cyclin-Cdk complexes, in turn, phosphorylate various target proteins to 
ultimately mediate progression through the different cell cycle phases. Cyclin levels change 
significantly during cell cycle progression, allowing for precise timing of Cdk activation and 
ensuring that these kinases are catalytically active only at specific times during the cell cycle 
(Figure 3). This is regulated by both the specific subcellular localization and the timed 
expression and degradation of various cyclins and Cdk inhibitors throughout the cell cycle. In 
general, the peak nuclear expression of a specific cyclin occurs at or just prior to the peak 
activity of the partner kinase, and following activation, the respective cyclins are degraded 
rapidly by the ubiquitin-mediated proteosomal pathway. In most cells, cyclin D-Cdk 
complexes are activated by mitogenic stimuli early in G1 followed by activation of cyclin E-
Cdk2 in mid G1 phase. The D- and E-type cyclins promote movement through the G1/S 
transition. Cyclin A-Cdk2 activation in late G1 phase follows cyclin E-Cdk activation and is 
essential for initiation of and progression though S phase and for the onset of mitosis. In 
mammalian cells, two B-type cyclins (cyclin B1 and cyclin B2) associate with Cdk1 to 
regulate entry into and exit from mitosis. One of the important substrates of the cyclin-D–, 
cyclin-E–, and cyclin-A–associated kinases is the retinoblastoma protein, pRb. In early G1 
phase, pRb is hypophosphorylated and bound to a member of the E2F family of transcription 
factors. The pRb/E2F complexes recruit additional molecules such as histone deacetylases 
(HDACs) to repress the transcription of genes whose products are required for DNA synthesis 
such as dihydrofolate reductase. However, activation of cyclin D and later cyclin-E–
dependent kinases during progression from G1 to S phase leads to the accumulation of pRb in 
a hyperphosphorylated state. This relieves the pRb-HDAC–mediated transcriptional 
repression and allows E2F family members to dissociate from the hyperphosphorylated pRb, 
and activate transcription of genes required for S phase entrance, such as cyclin E and cyclin 
A, as well as enzymes needed for DNA synthesis. The phosphorylation of the retinoblastoma 
protein is one indicator of cell cycle progression through the restriction point. The 
retinoblastoma protein is dephosphorylated in mitosis, prior to G1 phase of the next cell cycle. 


3.4.3. Inhibitors of cyclin-dependent kinases 


In addition to phosphorylation and binding to cyclins, Cdks are subject to regulation by the 
binding of Cdk inhibitory (CKI) proteins. There are two families of CKIs: the Kinase 
Inhibitory Protein (KIP) family and the Inhibitor of Cdk4 (INK4) family. Overexpression of 
either KIP or INK proteins leads to G1 arrest. The KIP family members, which include p21 
(Cip1/Waf1), p27, and p57 share homology at their N-terminal Cdk inhibitory domain, and in 
vitro they can inhibit all cyclin-Cdk complexes. The KIP proteins have binding sites for both 
the cyclin and Cdk, and only a single KIP molecule is required for cyclin-Cdk inhibition. In 
vivo, KIP expression and activity is tightly regulated. As noted earlier p21 is a protein whose 
gene expression is upregulated by p53 following cellular stress or DNA damage. Members of 
the INK4 family act in G1 phase to inhibit primarily Cdk4 and Cdk6. The four members, p15, 
p16, p18, and p19 are structurally related and act to destabilize the association of the D-type 
cyclins with Cdk4 or Cdk6. The p16 protein plays an important role in the proliferative arrest 
of cells at senescence and the p16 gene is frequently deleted in human cancers. Studies in 
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mice have suggested that this protein plays a tumour suppressor role since cell lines derived 
from p16-null mice undergo spontaneous immortalization with high frequency.  


3.5. DNA damage and repair 


DNA repair disorders: A number of human disease syndromes are associated with 
pronounced cellular sensitivity to DNA-damaging agents due to hereditary deficiencies in 
DNA repair or to deficiencies in signaling pathways that are activated by DNA damage. 
Patients with several of these syndromes show marked chromosomal instability and 
predisposition to malignancy. For example, the disorders, xeroderma pigmentosum (XP), 
ataxia telangiectasia (AT), Bloom’s syndrome (BS), and Fanconi’s anemia (FA) are all 
autosomal recessive, cancer-prone diseases that are associated with defective DNA repair. 
Patients suffering from XP are sun-sensitive and have an extreme predisposition to skin 
cancer—an increase in incidence of perhaps 1000-fold. Patients with AT have a very high 
incidence of lymphomas often, before the age of 20. The incidence of lymphomas is also 
increased markedly in FA and BS patients. Human hereditary non-polyposis colon cancer 
(HNPCC) is caused by a deficiency in DNA mismatch repair.  


Fidelity of repair: An important property in DNA repair is the fidelity of the repair pathway 
leading to the concepts of error-prone, and error-free, DNA repair. Many DNA lesions can 
block transcription of RNA, thereby inactivating the gene which contains damaged DNA. 
Persistent blockage of RNA synthesis can lead to cell death but these lesions are often 
repaired through the transcription-coupled repair pathway (TCR). For lesions that block DNA 
replication, several error-prone DNA polymerases have been described which have low 
fidelity to allow for replicative bypass (i.e., translesion DNA synthesis) of the damage 
contained within DNA. These polymerases can temporarily be used by the cell following 
DNA damage and can then be substituted by more accurate DNA polymerases. Spontaneous 
oxidative damage is known to occur in cells, producing 104 to 105 oxidative residues, (e.g., 8-
oxo-guanine) per cell per day among the 3 x 109 bases in the genome. If a cell cannot repair 
this continual onslaught of base damage, malignant transformation may occur. DNA base 
damage, occurring as a result of endogenous oxidative processes or exogenous DNA damage 
(e.g., ionizing radiation) is repaired by the base excision repair pathway.  


Base excision repair: Base excision repair (BER) involves the enzymatic removal of the 
damaged DNA base by DNA glycosylases leaving an apurinic or apyrimidinic (AP) site 
which allows for resynthesis and insertion of new bases complementary to the opposite 
strand. The major BER pathway is short-patch BER and involves the replacement of a single 
nucleotide following DNA backbone cleavage at the AP site. A minor BER pathway is the 
long-patch BER pathway, which exists for the repair of two to thirteen damaged nucleotides.  


Nucleotide excision repair: Nucleotide excision repair (NER) is a complex DNA repair 
pathway designed to repair ultraviolet-induced photoproducts or cyclobutane pyridimine 
dimers (CPD). The process of NER is highly conserved in eukaryotic cells and consists of 
four steps: (1) recognition of the damaged DNA; (2) excision of an oligonucleotide of twenty-
four to thirty-two residues containing the damaged DNA by dual incision of the damaged 
strand on each side of the lesion; (3) filling in of the resulting gap by DNA polymerase; and 
(4) ligation of the nick. Nucleotide excision repair has two subpathways termed global 
genome repair (GG-NER) that is transcription-independent and removes lesions from the 
entire genome, and transcription-coupled repair (TCR-NER). The GG-NER pathway surveys 
the entire genome for lesions which distort the DNA. These lesions are removed rapidly. In 
contrast, CPDs are removed more efficiently from the transcribed strand of expressed genes 
by TCR-NER. TCR-NER focuses on DNA lesions that block the activity of RNA 
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polymerases and overall transcriptional activity. The elongating transcriptional machinery is 
thought to facilitate the recognition of DNA lesions on the transcribed strand in TCR-NER.  


Double strand break repair: In human cells, repair of DNA double strand breaks (dsb) occurs 
either by homologous recombination (HR) or nonhomologous end joining (NHEJ). In 
homologous recombination (Figure 3.4), extensive homology is required between the region 
of the DNA dsb and the sister chromatid or homologous chromosome from which repair is 
directed (Figure 3.4). This pathway is thought to predominate in repair of DNA dsbs in 
germline tissues and during S and G2 phases of the cell cycle of somatic cells. The HR 
pathway results in error-free repair of DNA dsbs because the intact undamaged template is 
used to pair new DNA bases between the damaged and undamaged strands during DNA 
synthesis. Nonhomologous end joining (Figure 3.5) does not require homology and the NHEJ 
proteins simply link the ends of DNA breaks together; this usually results in the loss or gain 
of a few nucleotides. Nonhomologous end joining is error-prone and operates predominantly 
to repair damage in somatic cells during the G1 phase of the cell cycle. There is a separate, but 
related, DNA dsb repair pathway that ligates DNA dsbs using small pieces of 
microhomologous DNA and involves the MRE11 and BRCA2 proteins. The BRCA2 breast 
cancer susceptibility protein may also play a role in the homologous repair of DNA dsbs. 
Both BRCA1 and BRCA2 proteins form discrete nuclear foci during S-phase at the sites of 
DNA damage following exposure to DNA damaging agents. Although RAD51 colocalizes at 
subnuclear sites with BRCA1, only 1 to 5 percent of BRCA1 in somatic cells associates with 
RAD51. In contrast, a significant fraction of the total intracellular pool of BRCA2 binds to 
RAD51 and BRCA2-deficient cells have ten-fold lower levels of homologous recombination 
when compared to BRCA2-proficient cells. One model suggests that a BRCA2-RAD51 
complex promotes the accurate assembly of DNA repair proteins required to offset DNA 
breaks that accumulate during DNA replication; these could otherwise lead to gross 
chromosomal rearrangements, loss of heterozygosity at tumour suppressor gene loci, and 
carcinogenesis. 


Major protein complexes implicated in the NHEJ pathway are the DNA-PK protein kinase 
and XRCC4/Ligase IV complexes. Human DNA-PK consists of a ~460 kilo Daltons DNA-
PK catalytic subunit (DNA-PKCS), and a DNA end-binding KU heterodimer (consisting of 70 
kD and 80 kD protein subunits). The catalytic subunit shows homology to the PI-3K kinase 
superfamily at its C-terminus, which contains the protein kinase domain required for 
phosphorylating DNA-PK associated proteins during repair. Mutations in either DNA-PKCS or 
in one of the KU genes results in sensitivity to ionizing radiation and reduced ability to repair 
radiation-induced DNA dsbs. XRCC4 forms a stable complex with DNA ligase IV, and 
probably links the initial lesion detection by KU 70/80 and DNA-PKCS, scaffolding to the 
actual ligation reaction carried out by ligase IV. The NBS1/MRE11/RAD50 protein complex 
acts in both HR and NHEJ pathways and also in maintenance of telomeres. Mutations in the 
NBS1 gene result in Nijmegen Breakage Syndrome (NBS), a recessive disorder with some 
phenotypic similarities to ataxia telangiectasia (AT) including chromosomal instability, 
radiosensitivity, and an increased incidence of lymphoid tumours. Mutations in human 
MRE11 have been linked to the ataxia telangiectasia-like disorder (ATLD). Cells from NBS, 
AT, and ATLD patients are hypersensitive to DNA dsb-inducing agents and show 
radioresistant DNA synthesis after exposure to ionizing radiation. The relative levels of DNA-
PKCS and KU80 protein expression vary widely among different tissue types. However, there 
is no evidence that tumour cell radiosensitivity is simply correlated to the relative expression 
level of DNA-PKCS protein expression. 
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Ionizing radiation leads to rapid phosphorylation of a nucleosomal histone protein, H2AX (γ-


H2AX is the phosphorylated form) that can be measured as an intracellular marker of DNA 


double-strand breaks. This early event precedes the actions of repair enzymes involved in 


homologous recombination and nonhomologous end-joining of these breaks. Nuclear foci, 


each containing thousands of γ-H2AX molecules covering about 2 megabases of DNA 


surrounding the break, can be detected using antibody staining and fluorescence microscopy. 


Foci of γ-H2AX are believed to recruit repair enzymes to sites of DNA damage and the 


number of γ-H2AX foci has been directly correlated to the number of DNA double strand 


breaks. It is probable that residual nuclear foci at late times following irradiation (>12 hrs) 


represent nonrepaired DNA double-strand breaks that lead to subsequent cell lethality.  


 


Fig. 3.4 Homologous recombination (HR) repair of DNA double strand breaks (DSB). The 


initiating step for homologous recombination is thought to be the processing of the 3` end of 


the DNA break by the NBS1/MRE11/RAD50 protein complex. Following binding of the 


RAD52 and RAD54 proteins, the Replication Protein A (RPA) facilitates the assembly of the 


Rad51-BRCA2 complex on the single-strand 3` DNA overhang to form a RAD51-


nucleoprotein filament. The RAD51 nucleofilament DNA is then able to pair with a 


homologous region in duplex DNA forming a Holliday junction after alignment of sister 


chromatids. Complex chromatin alterations and configurations are required to unwind the 


DNA and allow for DNA strand exchange. After identification of the identical sister 


chromatid sequences, the intact double-stranded copy is then used as a template to repair the 


DNA break by subsequent DNA synthesis using DNA polymerases, ligases and Holliday 


junction resolvases. Homologus recombination results in error-free (i.e. high fidelity) repair 


of DNA double-strand breaks and predominates in the S and G2 phases of the cell cycle 


(modified from van Gent et al., 2001)(Tannoch et al, 2005). 
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Fig. 3.5 Non-homologous end-joining (NHEJ) repair of DNA double-strand breaks. DNA-


PKcs, KU70, KU80, DNAligase IV, and XRCC4 are all critical components of the NHEJ 


repair pathway. DNA-PK is composed of a heterodimeric DNA-binding component named 


KU70/KU80 which binds to either blunt or staggered DNA ends at the double-strand break 


and recruits the large catalytic subunit kinase, DNA-PKcs to the break. DNA-PKcs undergoes 


autophosphorylation after binding to the DNA break and may recruit additional proteins to 


the damaged site as potential phosphorylation substrates. The NBS1-MRE11-RAD50 protein 


complex and the Artemis protein may be involved in processing of DNA ends during the 


initial binding and activation of DNA-PK kinase activity. The XRCC4-ligase IV heterodimer 


finally ligates the breaks to create intact DNA strands. Non-homologous recombination can 


result in error-prone (i.e., low-fidelity) repair of DNA double-strand breaks and predominates 


in the G1 phase of the cell cycle (modified from van Gent et al., 2001) (Tannoch et al., 2005). 


3.6. Tumour growth and cell kinetics 


3.6.1. Tumour growth 


In normal tissues that undergo cell renewal, there is a balance between cell proliferation, 


growth arrest and differentiation, and loss of mature cells by programmed cell death or 


apoptosis. Tumours grow because the homeostatic mechanisms that maintain the appropriate 


number of cells in normal tissues are defective, leading to imbalance between cell 


proliferation and cell death, so that there is expansion of the cell population. However, the 


proliferative rate of tumour cells varies widely between tumours, nonproliferating cells are 


common, and there is often a high rate of cell death.  


Tumour growth: Tumour growth can be determined by estimating tumour volume as a 


function of time. Exponential growth will occur if the rates of cell production and of cell loss 
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or death are proportional to the number of cells present in the population. Exponential growth 
implies that the time taken for a tumour to double its volume is constant and may leads to the 
false impression that the rate of tumour growth is accelerating with time. Increase in the 
diameter of a human tumour from 0.5 to 1.0 cm may escape detection, whereas increase in the 
diameter of a tumour from 5 to 10 cm is more dramatic and is likely to cause new clinical 
symptoms. Both require three volume doublings and during exponential growth they will 
occur over the same period of time. Estimates of the growth rates of untreated human tumours 
are limited but there are published estimates of the growth rate of many human tumours. In 
general these estimates indicate that there is a wide variation in growth rate, even among 
tumours of the same histologic type and site of origin. There is a tendency for childhood 
tumours and adult tumours that are known to be responsive to chemotherapy (e.g., lymphoma, 
cancer of the testis) to grow more rapidly than less responsive tumours (e.g., cancer of the 
colon) and metastases tend to grow more rapidly than the primary tumour in the same patient. 
Representative mean doubling times for lung metastases of common tumours in humans are 
in the range of 2 to 3 months. 


Tumours are unlikely to be detected until they grow to about 1 gram, and tumours of this size 
will contain about one billion (109) cells. There is indirect evidence that many tumours arise 
from a single cell, and a tumour containing about 109 cells will have undergone approximately 
thirty doublings in volume prior to clinical detection (because of cell loss, this will involve 
more than thirty consecutive divisions of the initial cell). After ten further doublings in 
volume, the tumour would weigh about 1 kilogram (1012 cells), a size that may be lethal to the 
host. Thus, the range of size over which the growth of a tumour may be studied represents a 
rather short and late part of its total growth history. There is evidence (e.g., for breast cancer) 
that the probability of metastatic spread increases with the size of the primary tumour, but the 
long preclinical history of the tumour may allow cells to metastasize prior to detection. Thus, 
early clinical detection may be expected to reduce but not to prevent the subsequent 
appearance of metastases.  


3.6.2. Cell kinetics 


Early studies of cell population kinetics were based on autoradiography to detect the selective 
uptake of radioactive thymidine into cellular DNA, although these methods have been 
supplanted by automated techniques based on flow cytometry. The proportion of thymidine-
labeled cells at a short interval after administration of tritiated thymidine (the labeling index) 
is a measure of the proportion of cells in S phase. Typical values for the proportion of cells in 
S phase are in the range of 3 to 15 percent for many types of human solid tumours. Higher 
rates of cell proliferation are evident in faster-growing malignancies, including acute 
leukemia and some lymphomas. However, the rate of cell proliferation is usually less than 
that of some cells in normal renewing tissues, such as the intestine or bone marrow. Thus, 
accumulation of cells in tumours is not due simply to an increased rate of cell proliferation as 
compared to the normal tissue of origin. Rather, there is defective maturation and the 
population of malignant cells increases because the rate of cell production exceeds the rate of 
cell death or removal from the population. In the percent-labeled-mitoses (PLM) method, 
serial biopsies (or serial specimens from identical animals) are taken at intervals after a single 
injection of 3H-thymidine, and the proportion of mitotic cells that are labeled is estimated 
from autoradiographs. Most tumours contain nonproliferating cells, and the term growth 
fraction describes the proportion of cells in the tumour population that is proliferating. The 
occurrence of extensive necrosis in solid tumours and of apoptotic cells and the ability of 
tumour cells to metastasize from a primary tumour indicate that there is considerable cell 
death or loss from many tumours. The rate of cell loss from tumours can be estimated by 
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comparing the rate of cell production (from assessment of the labeling index or fraction of S 
phase cells by flow cytometry) with the rate of tumour growth. The overall rate of cell 
production may be characterized by the potential doubling time of the tumour (Tpot), which is 
the expected doubling time of the tumour in the absence of cell loss.  


Flow cytometry: Flow cytometry is a method that allows the separation and sorting of cells 
based on cellular fluorescence. Cells can be stained with a fluorescent dye whose binding (to 
DNA) is proportional to DNA content, and flow cytometry then allows enumeration of cells 
containing different amounts of DNA. Several fluorescent dyes are available which stain 
DNA, including ethidium bromide, propidium iodide, acridine orange, and Hoechst 33342. 
Most dyes require fixation of the cells to allow access of dye to the DNA, although selected 
DNA specific dyes (e.g., Hoechst 33342) can enter viable cells; the Hoechst dye allows 
isolation of viable cells according to DNA content. Often, fluorescent reagents are applied 
concurrently or sequentially to allow for analysis or separation of cells on the basis of two or 
more criteria (such as the expression of a specific protein and DNA content). Computer 
analysis of a fluorescent DNA distribution provides estimates of the proportion of cells with 
2N DNA content (i.e., G1 and most nonproliferating cells), with 4N DNA content (G2 and 
mitotic cells), and with intermediate DNA content (S phase cells). In tumours, the presence of 
aneuploidy (i.e. a G1-phase DNA content different from that of normal cells) and of variable 
DNA content among G1 cells complicates analysis of DNA distributions and the estimation of 
cell cycle parameters. The proportion of S phase cells obtained from a DNA distribution is 
analogous to the thymidine labeling index and gives a broad indication of the proliferative 
rate. Flow cytometry can be used to estimate cell cycle phase distribution, growth fraction, 
and kinetic properties of cell populations. Precursors such as 5-bromodeoxyuridine (BrdUrd), 
can be incorporated into newly synthesized DNA (like tritiated thymidine) and can be 
recognized by flow cytometry using commercially-available fluorescently-tagged monoclonal 
antibodies. Analysis of BrdUrd staining and DNA content at different times later allows 
analysis of the tagged cells as they move through the cell cycle. Several methods allow 
proliferating and nonproliferating cells to be distinguished by flow cytometry. A variety of 
cellular antigens [e.g., that are recognized by the monoclonal antibody, Ki-67 and 
proliferating cell nuclear antigen (PCNA)] appear to be expressed uniquely in cycling cells 
and can be recognized by fluorescently-labelled antibodies. The Ki-67 antigen has been used 
most often as a marker for proliferating cells although its function remains poorly understood. 


A number of estimates of the duration of S phase (Ts) and of potential doubling time (Tpot) in 
human tumours have been derived from PLM studies or BrdUrd (or IUrd) labeling and flow 
cytometry. Mean values for Ts tend to be in the range of 12 to 24 hours and values of the 
mean cell cycle time are in the range of 2 to 3 days, but the distribution of cell cycle times is 
broad, and both the PLM and BrdUrd techniques tend to give information about the faster 
proliferating cells in the population. Tpot values (range of 4.5 to 20 days) are much longer than 
estimates of mean cycle time Tc, implying that many human tumours have a low growth 
fraction (usually in the range 5-30% for solid adult tumours but may be much higher for 
childhood tumours and adult tumours such a lymphoma or cancer of the testis). The mean 
values of Tpot are also much lower than estimates of volume doubling time for common 
human tumours (typically 2 to 3 months) because the rate of cell loss in many human tumours 
is in the range of 75 to 90 percent of the rate of cell production. Not surprisingly, well-
nourished cells close to blood vessels have a more rapid rate of cell proliferation than poorly 
nourished cells close to a region of necrosis. Slowly proliferating cells at a distance from 
functional blood vessels may be resistant to radiation because of hypoxia and to cytotoxic 
chemotherapeutic drugs because of their low proliferative rate and limited drug access.  
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Stem cells in tumours: Evidence for the monoclonal origin of human tumours is provided by 
the observation that a unique identifying feature (a clonal marker) may be found in all of the 
constituent cells. Initial evidence accrued from analysis of X-linked genes or gene products in 
cells from tumours in women who are heterozygous at these genetic loci. One of the X 
chromosomes becomes inactivated at random in all cells of females during early life. The 
normal tissues of heterozygous females are therefore mosaics that contain approximately 
equal number of cells in which one or the other (but not both) of the two alleles of a gene on 
the X chromosomes are expressed. However, cells in tumours arising in such individuals 
usually express only one allele of such genes—for example they express only one form 
(isoenzyme) of the X-linked glucose-6-phosphate dehydrogenase. Other clonal markers 
include chromosomal rearrangements such as the Philadelphia chromosome in chronic 
myelogenous leukemia; uniquely rearranged immunoglobulins or T-cell receptors expressed 
by B-cell lymphomas or multiple myelomas and T-cell lymphomas; and molecular markers 
whose detection has been facilitated by the availability of gene sequencing. The above 
techniques have demonstrated clonality in at least 95 percent of the wide range of tumours 
that have been examined.  


Renewal tissues such as bone marrow and intestinal mucosa represent a hierarchy of cells 
produced by cell division and differentiation from a small number of stem or early precursor 
cells. Most tumours arise in renewal tissues, and there is substantial evidence that many 
tumours contain a limited population of stem cells with the capacity to regenerate the tumour 
after treatment. Other cells in the tumour population may have lost the capacity for cell 
proliferation (e.g., through differentiation) or have only limited potential for cell proliferation 
(analogous to morphologically recognizable late precursor cells in bone marrow, such as 
myelocytes). Recent experiments have suggested that there is a population of cells in some 
human tumours that express distinct markers on their cell surface and have the properties of 
stem cells, including self-renewal. A variety of cell surface markers have been reported to be 
associated with stem-like cells in tumours including CD44 (breast, colon, pancreas, prostate), 
CD133 (brain, colon, prostate, kidney), CD166 (colon), however, the specificity of these 
markers remains in doubt since in most cases they have only been shown to be capable of 
enriching the tumour cell population for stem-like cells. The stem cell model has major 
implications for the treatment of human tumours since cure or long term control requires the 
eradication of the stem cells. If stem cells represent a small subpopulation within some 
tumours then short term changes in tumour volume may not reflect the effects of treatment on 
stem cells.  


3.6.3. Cell proliferation in normal tissues 


Cell proliferation in a variety of normal tissues has also been studied using thymidine labeling 
and flow cytometry. Acute effects of radiation injury are observed in rapidly proliferating 
tissues, because radiation-damaged cells often die when they attempt mitosis. Chemotherapy 
toxicities that are common to many drugs (e.g., myelosuppression, mucositis, hair loss, and 
sterility) are also observed in these tissues, reflecting the greater activity of most anticancer 
drugs against proliferating cells. The cell kinetics of hemopoietic cells in the bone marrow 
and epithelial cells in the intestine are examples of renewal tissues where cell proliferation is 
an important determinant of anticancer therapy. 


Bone marrow: Cells in bone marrow and blood have an orderly progression of differentiation 
from myeloblasts to polymorphonuclear granulocytes, from pronormoblasts to red blood cells, 
and from megakaryocytes to platelets. The earlier bone-marrow precursor cells cannot be 
recognized morphologically, but can be enriched by flow cytometry using fluorescent markers 
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to antigens that are expressed selectively on their surface. For example, stem cells may be 
recognized by the expression of the CD34 antigen and the tyrosine kinase receptors known as 
c-kit and Flk-2/Flk-3. The stem cells may undergo self-renewal or may produce progeny that 
are early precursor cells for lymphocytes or for cells which under appropriate conditions in 
culture will form colonies containing cells of the granulocyte, erythroid, megakaryocyte, and 
monocyte series. The growth factors that stimulate hemopoietic precursor cells to proliferate 
and differentiate into lineage specific cells include stem-cell factor (Kit-ligand), Interleukin-1 
(IL-1), IL-3, IL-6, granulocyte-macrophage colony-stimulating factor (GM-CSF), granulocyte 
colony-stimulating factor (G-CSF), and erythropoietin. Granulocyte-macrophage colony-
stimulating factor and G-CSF decrease the duration and extent of myelosuppression after 
chemotherapy and erythropoietin is used to treat anemia and accompanying fatigue.  


Thymidine-labeling studies demonstrated that recognizable precursors of granulocytes and red 
cells are among the most rapidly proliferating cells in the human body, with a mean duration 
of S phase (Ts) and mean cell cycle time (Tc) of about 12 and 24 hours. Stem cells and other 
early precursor cells proliferate slowly under resting conditions, and their more rapidly 
proliferating progeny provide replacement for the normal loss of mature cells. However, stem 
cells may proliferate rapidly following depletion of more mature functional cells (e.g., by 
cancer chemotherapy) or after bone-marrow ablation and transplantation. The pattern of 
proliferation and differentiation in the bone marrow provides an explanation for the decrease 
in mature granulocytes at 10 to 14 days after cycle-active chemotherapy and their recovery by 
21 to 28 days. The rapidly proliferating intermediate precursor cells are most likely to be 
killed by chemotherapy but changes in the numbers of cells in the peripheral blood are not 
seen immediately because the later maturing cells are nonproliferating and tend to be spared 
by chemotherapy. The bone marrow is generally regarded as the most critical tissue for 
radiation sensitivity following whole body irradiation due to the sensitivity of the stem cells 
and doses greater than 6-8 Gy are usually lethal without a bone marrow transplant. 


Intestine: The villi of the small intestine are lined by a single layer of differentiated epithelial 
cells that do not proliferate, and cell death and shedding of cells into the lumen occurs at the 
top of the villi. These cells are replaced by upward migration of cells lining the crypts, which 
lie between and at the base of the villi. Cell proliferation in the upper two thirds of the crypts 
is high but occurs more slowly at their bases. Slowly proliferating cells in this region act as 
precursors for the entire crypt and surrounding villi. Control of cell proliferation in the 
intestine is complex and proliferation of stem cells in the crypts is influenced by a number of 
growth factors including EGF, keratinocyte growth factor (FGF-7), and IL-11. Some cycle 
dependent drugs (e.g., cytosine arabinoside, CPT-11) and radiation may cause severe mucosal 
damage and diarrhea. Following whole body exposure to radiation, damage to the intestine 
can be lethal within a few days if the dose is sufficiently high (>10 Gy for humans)  


3.7. Cell death mechanisms 


Many types of cells do not show morphological evidence of radiation damage until they 
attempt to divide. Following doses of less than about 10 Gy, lethally-damaged cells may 
undergo permanent growth arrest (senescence), interphase death or lysis during radiation-
induced apoptosis, or cell lysis as a result of mitotic catastrophe (often after a number of 
abortive mitotic cycles). A radiation survival curve based on colony-forming ability 
represents the total cell death within an irradiated cell population as a result of all types of cell 
death. For the majority of normal and tumour cells, death secondary to mitotic catastrophe 
accounts for most of the cell kill following irradiation. However, in some radiosensitive cells 
and the cancers that arise from them — notably lymphocytes, spermatocytes, thymocytes, and 
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salivary gland epithelium—irradiation causes the cells to undergo an early (within a few 
hours) interphase death. This death is associated with the biochemical and morphologic 
characteristics of apoptosis (i.e., cell membrane blebbing, the formation of nuclear apoptotic 
bodies, and specific DNA fragmentation patterns). Depending on the type of cell, the 
intracellular target(s) for the induction of the apoptotic response may be either the cell 
membrane or the DNA or both.  


Why some cells undergo extensive radiation-induced apoptosis within a few hours after 
irradiation, while others do not, is unclear, but may relate to radiation-induced expression of 
proteins which trigger an apoptotic response. For example, in hematopoietic cells, radiation 
can lead to upregulation of pro-apoptotic genes (such as fas, bax, and caspase-3) and/or 
downregulation of anti-apoptotic genes, (such as bcl-2). In endothelial cells ionizing radiation 
can initiate a sphingomyelin-dependent signaling pathway within the cell membrane which 
can induce apoptosis in the absence of DNA damage. Ceramide is generated from 
sphingomyelin (SM) by the action of acid sphingomyelinase (ASM), or by de novo synthesis 
coordinated through the enzyme ceramide synthase. In the radiation response, ceramide serves 
as a second messenger in initiating apoptosis, while some of its metabolites block apoptosis. 
In certain cells, such as endothelial, lymphoid and hematopoietic cells, ceramide mediates 
apoptosis, while in others ceramide may serve only as a co-signal or play no role in the death 
response. The ceramide-mediated apoptotic response to radiation can be inhibited by basic 
fibroblast growth factor. 


Altering the apoptotic response of tumour cells may be one strategy to sensitize tumours to 
radiotherapy. Some tumours may evade radiation therapy-induced apoptosis by carrying p53 
gene mutations or by lacking p53 expression or function; restoration of wild-type p53 
function using gene therapy may potentiate radiation cell kill. However, the induction of 
apoptosis following irradiation does not account for the therapeutic effect of radiation in solid 
epithelial tumours, as it does not correlate with eventual clonogenic cell survival as measured 
by colony-forming assays. The other modes of cell death (i.e. mitotic catastrophe and/or 
terminal growth arrest) account for this difference. Most tumour cell lines have retained the 
capacity of normal cells to undergo accelerated senescence after irradiation, and although the 
cell-cycle-related p53 and p21Waf1 genes can act as positive regulators of treatment-induced 
senescence, they are not required for this response in tumour cells. Senescent or terminal-
arrested cells are metabolically active but do not proliferate and do not form colonies 
following irradiation. They eventually die, days to weeks following irradiation, by necrosis. 
This may explain the relatively slow resolution, yet ultimate cure, of some tumours following 
radiotherapy.  


The random nature of the energy deposition events means that damage can occur in any 
molecule in a cell. Biochemical processes, such as DNA, RNA, or protein synthesis, 
respiration, or other metabolism can be inhibited by irradiation but this usually requires doses 
in the order of 10 to 100 Gy. DNA is a major target of ionizing radiation because of its 
biological importance to the cell and even relatively small amounts of DNA damage can lead 
to cell lethality. Focal areas of DNA damage can arise because of the clustering of ionizations 
within a few nanometers of the DNA. These “local multiply-damaged sites” (LMDS) include 
combinations of single- or double-strand-breaks in the sugar-phosphate backbone of the 
molecule, alteration or loss of DNA bases, and formation of crosslinks (between the DNA 
strands or between DNA and chromosomal proteins). It has been estimated that approximately 
105 ionization events can occur within the cell per Gy of absorbed radiation dose, leading to 
approximately 1000 to 3000 DNA-DNA or DNA-protein crosslinks, 1000 damaged DNA 
bases, 500 to 1000 single-strand DNA breaks and 25 to 50 double-strand DNA breaks. The 


80







 


vast majority of the ionization events do not cause DNA damage and most of the DNA lesions 
caused can be repaired by a variety of DNA repair pathways, probably acting together to 
repair clustered LMDS-associated lesions. Nevertheless, a small number of DNA strand 
breaks may remain unrepaired (residual breaks). High-LET irradiation causes an increase in 
both the number and complexity of DNA-clustered lesions and is more difficult to repair. The 
results from assays of DNA double-strand breaks suggest that clonogenic cell survival 
following radiation is correlated with the residual level of such breaks. 


If a cell does survive and goes on to proliferate after irradiation, delayed chromosomal 
instability may sometimes be observed in its descendants. One factor that seems to perpetuate 
the unstable phenotype in irradiated cells is the continued production of reactive oxygen 
species. Such species or other factors may be released from an irradiated cell and cause 
damage to neighboring nonirradiated cells (e.g. bystander cells). For example, transfer of 
media from irradiated unstable cell clones to a nonirradiated cell population has been reported 
to lead to cell death in some of the nonirradiated cells within 24 hours. Similarly, targeting of 
10 to 30 percent of a cellular population with high-LET irradiation using a microbeam can 
lead to cell death in the nontargeted surrounding cells within the culture dish. These data are 
consistent with clinical studies that have shown chromosomal changes in circulating 
peripheral lymphocytes in patients who received only localized radiotherapy. Similarly the 
serum from people who have been exposed to whole body irradiation has been reported to be 
clastogenic for lymphocytes in culture. This bystander effect of radiation has implications for 
assessment of radiation risk and for health risks associated with radiation exposure as the total 
cell kill within an irradiated cell population may be greater than that calculated simply on the 
basis of the number of cells that were directly irradiated.  


3.8. In vitro and in vivo assays for cell survival 


Inhibition of the continued reproductive ability of cells is an important consequence of the 
molecular and cellular responses to radiation, as it occurs at relatively low doses (a few grays) 
and it is the major aim of clinical radiotherapy. A tumour is controlled if its stem cells (i.e., 
clonogenic cells) are prevented from continued proliferation. A cell that retains unlimited 
proliferative capacity after radiation treatment is regarded as having survived the treatment, 
while one that has lost the ability to generate a clone or colony is regarded as having been 
killed, even though it may undergo a few divisions or remain intact in the cell population for a 
substantial period. Colony formation following irradiation is an important endpoint for 
radiobiologists and radiation oncologists, as it relates to a cell’s ability to repopulate normal 
or tumour tissues following exposure to ionizing radiation. In the assay that is used most often 
to assess colony formation, cells grown in culture are irradiated either before or after 
preparation of a suspension of single cells and plated at low density in tissue-culture dishes. 
Following irradiation, the cells are incubated for a number of days, and those that retain 
proliferative capacity divide and grow to form discrete colonies of cells. After incubation, the 
colonies are fixed and stained so that they can be counted easily. Cells that do not retain 
proliferative capacity following irradiation (i.e., are killed) may divide a few times but form 
only very small abortive colonies. If a colony contains more than 50 cells (i.e., derived from a 
single cell by at least six division cycles), it is usually capable of continued growth and can be 
regarded as having arisen from a surviving cell. The plating efficiency (PE) of the cell 
population is calculated by dividing the number of colonies formed by the number of cells 
plated. The ratio of the PE for the irradiated cells to the PE for control cells is calculated to 
give the fraction of cells surviving the treatment (cell survival). If a range of radiation doses is 
used, then these cell-survival values can be plotted to give a survival curve.  


81







Cells taken directly from animal or human tumours can also be grown in culture, allowing the 
in vitro assay method to be extended to the study of the radiation sensitivity of tumour cells 
treated in vivo. Untreated cells rarely have a PE of 1 (more usually it is 0.5 to 0.8 for cells 
passed for many generations and much lower for cells derived from spontaneous tumours). 
The techniques described above have been used to obtain survival curves for a wide range of 
malignant and normal cell populations. In general, for low-LET radiation (e.g., x- or γ-rays), 
these curves are plotted as cell survival on a log10 scale (y-axis) with dose on a linear scale (x-
axis). Such semilogarithmic curves usually have a shoulder region at low doses but at higher 
doses, the curve either becomes steeper and straight so that survival decreases exponentially 
with dose or appears to be continually bending downward. The accuracy of the experimental 
data obtained is usually such that either shape could fit the data adequately over the first few 
decades of survival. The difference in survival curves for x- or γ-rays (low-LET) and for fast-
neutron (high-LET) irradiation is that, in general, both the slope and the shoulder of the 
survival curve are reduced for higher LET radiation. The biological effectiveness of different 
types of radiation can be characterized by a parameter known as the relative biological 
effectiveness (RBE). The RBE is defined as the ratio of the dose of a standard type of 
radiation to that of the test radiation that gives the same biological effect. The standard type of 
radiation was usually taken as 200- or 250-kilovolt (peak) X rays, but now Cobalt 60 γ-ray 
energies are used mainly as the standard for comparison. Their RBE relative to 250-kilovolt 
(peak) X rays is about 0.9. Because the shoulder of the survival curve is reduced for high-LET 
radiation, the RBE varies with the dose or the survival level at which it is determined.  


Many different mathematical models have been used to produce equations that can fit 
survival-curve data within the limits of experimental error. Two of the more commonly used 
models are the old target-theory model and the newer linear-quadratic models of cell survival. 
The target-theory model of cell survival (SF) was based on the hypothesis that a number of 
critical targets had to be inactivated for cells to be killed. Cell killing by radiation is now 
recognized to be more complex, but the equation and parameters derived from the model are 
still used to describe the shape of cell survival curves (Figure 3.6). 


SF = N/N0 = 1 - (1-e-D/D
0)


n 


Because survival curves often have an initial slope this equation is often modified to add a 
single-hit component (Figure 6). 


SF = e-D/D
s (1 - (1-e-D/D


0)
n) 


The linear-quadratic model of cell kill is based on the idea that multiple lesions, induced by 
radiation, interact in the cell to cause cell killing. The lesions that interact could be caused by 
a single ionizing track, giving a direct dependence of cell killing on dose, or by two or more 
separate tracks, giving a dependence of lethality on higher powers of dose. The assumption 
that two lesions must interact to cause cell killing gives an equation that can fit most 
experimental survival curves quite adequately, at least over the first few decades of survival. 


SF = N/N0 = exp -(αD+βD2) 


N and N0 represent the number of surviving cells and the number of starting cells 
respectively, D represents the radiation dose; while the parameters (D0, n) represent the 
inverse slope and extrapolation number of the target theory equation (Figure 3.7), and the 
parameters (α and β) represent the probabilities that the lesions that interact to cause cell 
killing are produced by a single track or by two interacting tracks in the linear-quadratic 
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equation (Figure 3.7). Such mathematical models are useful when comparing cellular 
radiosensitivity among a variety of cell types or when the shape of the survival curve is 
altered following treatment with drugs or changes in the environment (e.g., hypoxia). From 
these models, it has been observed that there is greater variation in the low-dose or shoulder 
region of the radiation survival curves obtained for mammalian cells as compared to the 
variation in the slopes of the high-dose region of the curves.  


Non-clonogenic assays have also been used to estimate the relative radiosensitivity of cells, 
although assays that measure short term growth or programmed cell death/apoptosis often do 
not correlate with the longer-term clonogenic assay. Assays for apoptosis may predict 
clonogenic survival within some cancer cell lines e.g., neuroblastoma, lymphoma, and 
testicular, as these cell types tend to die uniformly by apoptosis following irradiation. Assays 
that evaluate cellular growth for a short period (e.g., 24 to 48 h) following radiation include 
the MTT assay that determines cellular viability by colorimetric assessment of the reduction 
of a tetrazolium compound. They are of limited value for radiosensitivity studies because it is 
rarely possible to assess more than one decade of cell kill and they usually do not correlate 
with the clonogenic assay. At present, clonogenic survival remains the ‘gold standard’ for 
determining the radiosensitivity of cells in vitro. Methods have also been developed for 
assessing the ability of cells to form colonies in vivo. One of these is the spleen-colony 
method, which has been used to assess both the radiation and drug sensitivity of bone marrow 
stem cells. In this assay bone marrow from treated animals is injected into irradiated hosts and 
colonies from surviving bone marrow stem cells can be then counted in the spleen. Other 
colony-forming assays have been developed to study the radiation response of stem cells in 
situ in certain proliferative tissues, including skin, gastrointestinal tract, testis, cartilage, 
kidney, and certain tumours. 


 


Fig. 3.6 Survival curves defined by the singlehit and multitarget models of cell killing. Curve 
a: Single-hit (single-target) survival curve Curve b: Multitarget survival curve. Curve c: 
Composite (two-component) survival curve resulting from both multitarget and single-hit 
components. Also shown is how the parameters D0, n, and Dq can be derived from the 
survival curves.  (Tannock et al., 2005) 
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Fig. 3.7 Survival curve (solid line) as defined by the linear-quadratic model of cell killing. 
The curves defined by the two components of the equation are shown separately as the dashed 
lines. (Tannock et al., 2005) 


3.9. Repair of radiation damage 


The repair of cellular damage between radiation doses is the major mechanism underlying the 
clinical observation that a larger total dose can be tolerated when the radiation dose is 
fractionated. The shoulder of the survival curve reflects the accumulation of sublethal damage 
that can be repaired. When the interval between two fixed doses of radiation is varied, there is 
a rapid rise in survival as the interval is increased from zero (single dose) to 2-6 hours due to 
repair of sublethal damage (SLDR). Because cells that survive radiation tend to be 
synchronized in the more resistant phases of the cell cycle, their subsequent progression 
(inevitably into more sensitive phases) may lead to a small reduction in survival at 4-8 hrs 
before continued repair and repopulation increase survival at later times(12-24 hrs). This 
pattern of SLDR has been demonstrated for a wide range of cell lines and the timing of the 
secondary fall and subsequent rise is somewhat variable depending on the cell kinetics. The 
repair capacity of the cells of many tissues in vivo has been demonstrated using cell-survival 
and functional assays in vivo. An increase in total dose is required to give the same level of 
biological damage when a single dose (D1) is split into two doses (total dose D2) with a time 
interval between them. The difference in dose (D2-D1) is a measure of the repair by the cells 
in the tissue. The capacity of different cell populations to undergo SLDR is reflected by the 
width of the shoulder on their survival curve (Dq) or the (D2-D1) value. Survival curves for 
bone marrow cells or cells derived from the radiosensitive disorders AT (ataxia telangiectasia) 
and NBS (Nijmegen Breakage Syndrome) (or cells which lack DNA-repair enzymes) have no 
shoulder and demonstrate little or no evidence of cellular repair. Recent data suggest that AT 
and NBS cells may also have increased residual DNA double-strand breaks following 
irradiation, suggesting a defect in DNA DSB-repair. Other cells (e.g., jejunal crypt cells) can 
demonstrate a large repair capacity (D2-D1 value of 4-6 Gy).  


To maximize SLDR capacity tissue or cells can be irradiated under low-dose rate conditions 
as in brachytherapy. The effect of radiation on tissues and cells for the same dose differs 
widely for exposure over a short time (acute irradiation) and for continuous irradiation over 
an extended period of time (irradiation given at a low-dose rate). Dose rates above about 1 Gy 
per minute can be regarded as acute (single-dose) treatment. As the total dose of x- or γ-rays 
is delivered at decreasing dose rates, the DNA damage in the cell (i.e., yield of chromosome 
aberrations and DNA-double strand breaks) progressively diminishes due to repair of the 
damage during the treatment. As a result, the shape of the radiation survival curve changes 
from one exhibiting pronounced curvature at high dose rates to one approaching linearity at 
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low-dose rates. Cell lines with a greater capacity to repair sublethal damage will demonstrate 
a large dose-sparing effect relative to those cells that have limited capacity to repair the 
damage. Most of the effect of cellular repair occurs in the range of dose rates of 1.0 to 0.01 
Gy per minute. Below about 0.1 Gy per minute, the effects of cell cycle progression 
(redistribution and the G2 block) become apparent; below about 0.01 Gy per minute, the 
effects of cell repopulation will start to become evident as the radiation damage is not severe 
enough to trigger cell cycle arrest in other phases of the cell cycle. At lower dose rates, the 
processes of repair and cellular repopulation within the cell culture predominate. 


Cell survival can also be increased by holding cells after irradiation under conditions of 
suboptimal growth such as low temperature, nutrient deprivation, or high cell density. The 
latter conditions may reflect those experienced by G0/G1 populations of cells in growth 
deprived regions of tumours. The increased survival is due to the repair of potentially lethal 
damage (PLDR), which usually results in a change in the slope of the cell-survival curve. 
Such repair may contribute to increased radiation survival observed in vivo for some 
transplantable cell lines when compared to the radiosensitivity of the same cells growing in 
vitro. 


Adaptive radiation responses and low-dose hyper-radiosensitivity: Following very low doses 
of radiation, mammalian cells may have an inducible radioprotective response that acts both 
in vitro and in vivo. This so-called adaptive response appears to be triggered by a threshold 
level of radiation damage. For example, some mammalian cells appear to be hypersensitive to 
doses of ionizing radiation in the range 0.01-0.3 Gy as compared with higher radiation doses. 
Following doses of radiation above about 1 Gy, this hyper-radiosensitivity (HRS) is not 
observed. The exact mechanism responsible for this effect is unclear and it does not seem to 
occur in all cells. An adaptive radiation response is observed in rodents for irradiated normal 
skin and kidney cells. For example, the use of multiple radiation fractions of less than 1 Gy 
can decrease the total dose required for the same biological effect in vivo by a factor of 2 to 4 
(relative to that required with fractions of 2 Gy). It has been argued that differences in the 
radiosensitivity of human tumour cells might be explained in part by the variation in the 
adaptive response observed for different human tumour cell lines. However, a recent in vivo 
experimental study using ultrafractionated treatment of tumours, failed to demonstrate any 
evidence that HRS influenced sensitivity in vivo although effects on tumour cell proliferation 
during treatment may have influenced the result. 


Genomic and proteomic studies of irradiated cells: Cellular damage following ionizing 
radiation can affect the expression of a number of genes involved in the response of cells to 
stress. Some early-response genes, such as the early growth response factor (EGR-1) and 
p21Waf1 cdk-inhibitor protein, contain radiation responsive regulatory domains in their 
promoter regions that can facilitate their rapid induction by ionizing radiation. These 
sequences have been proposed for use in radiation-induced gene-therapy vectors to drive 
expression of suicide genes within an irradiated field for tumour therapy. Synthetic enhancers 
of gene expression designed for use with radiation utilize short motifs of sequence 
CC(A/T)6GG (i.e., radiation-responsive CArG elements) derived from the EGR1 gene. Such 
constructs can be responsive to radiation at doses of 1 to 5 Gy. These tumour-targeting 
vectors might be used in clinical situations where the irradiation volume can be tightly 
controlled to spare normal tissues using conformal radiotherapy planning and have shown 
early promise in animal models.  


Irradiation can also modify intracellular signaling through modification of the activity of 
tyrosine kinases, MAP-kinases, SAP-kinases, and ras-associated proteins. An example is the 
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activation of the c-abl pathway which phosphorylates Rad51, a DNA repair protein, at sites of 
DNA damage. Other genes induced by radiation include those encoding cell cycle related 
proteins [e.g., growth arrest after DNA damage (GADD) genes, p34cdc2, cyclin B, p53], 
growth factors, and cytokines [e.g., platelet-derived growth factor (PDGF), transforming 
growth factor beta (TGF-β), basic fibroblast growth factor (bFGF)], and enzymes (e.g., 
plasminogen activator]. Liberation of inflammatory cytokines such as TGF-β, tumour 
necrosis factor (TNF-α) and interleukin-1 (IL-1) by cells following radiation damage may 
lead to a continuing cascade of cytokine production, and may be responsible for the acute 
inflammation and late onset fibrosis observed in some irradiated tissues. Studies using cDNA 
microarrays have found that radiation-induced gene expression can be cell-type specific.  


Cell cycle sensitivity and DNA damage checkpoints: Mammalian cells have evolved 
complex interrelated responses to DNA damage including cell cycle checkpoints, DNA repair, 
and apoptosis. Cell cycle checkpoints are sites of cell cycle arrest in the G1, S, and G2 phases 
that ensure successful and accurate DNA replication and repair prior to mitosis. Two general 
types of cell cycle checkpoints exist. The mitotic spindle assembly checkpoint is responsible 
for ensuring that the mitotic spindle is correctly formed prior to division. Additionally, there 
are DNA integrity checkpoints that delay the cell cycle in response to DNA damage or to 
defects in DNA replication (i.e., G1 to S, intra-S, and G2 to M checkpoints). Delaying cell 
cycle progression could allow for the repair of DNA damage in cells prior to undergoing 
DNA replication or mitosis and is thought to prevent genetic instability. Early kinetic studies 
reported a rapid decrease in the mitotic index in an irradiated cell population, as both lethally 
damaged and surviving cells ceased to enter mitosis, while cells already in mitosis continued 
their cell cycle progression. After a period of time, which depends on both the cell type and 
the radiation dose, surviving cells re-enter mitosis; this time is known as the mitotic delay. 
Mitotic delay appears to be due largely to a block of cell cycle progression in G2 phase, 
although cells in G1 and S phases are also delayed in their progression, albeit to a lesser 
extent. There is approximately 3–4 hours of G2 delay per 1 Gy in a diploid cell. Cells may 
continue to experience delays in their progression through the next and subsequent cell cycles.  


As a result of radiation induced delays in the cell cycle and the fact that cells in different 
phases of the cell cycle have different radiosensitivities, cell populations can be partially 
synchronized by irradiation. If a single radiation dose is given to cells in different phases, then 
a pattern of cell survival as a function of cell cycle position is obtained. Many cell lines 
appear to have a resistant period in S phase and a sensitive period in G2 phase following 
irradiation in vitro, however, some cell lines have different patterns of sensitivity throughout 
the cell cycle. Some oncogene-transfected cells (e.g., overexpressing the ras oncogene) show 
increased resistance in the G2 phase, whereas other cells, including DNA repair-deficient 
cells, show similar sensitivity throughout all phases of the cell cycle. The pattern of 
radiosensitivity throughout the cell cycle can be different for the same tumour cells growing 
in vivo or in vitro, indicating the influence of cell-cell interactions on cell survival.  


The ATM (ataxia telangiectasia mutated) protein plays a role in initiating checkpoint 
pathways in all three cell cycle phases. G1 cell cycle arrest following irradiation depends on 
an intact ATM-p53/Cdc25A-Rb pathway and decreased activity of cyclin D and E complexes. 
This leads to continued hypophosphorylation of the Rb protein at the G1/S interface and 
blocking of the initiation of DNA replication. Radiation-induced G1 arrest is abrogated in 
cells that lack functional p53, ATM, or Rb proteins. Most data suggest that cells having 
altered p53 protein function (and an abrogated G1 checkpoint) acquire relative radioresistance 
in comparison with those cells having normal p53 protein function. The radioresistant 
phenotype has been correlated with the level of expression of mutant p53 protein in 
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transformed cells. Acquired radioresistance may also result from the inactivation of normal 
p53 function by viral proteins such as the HPV-E6 protein, which can bind to and degrade the 
normal p53 protein. Cells lacking ATM function exhibit a defective G2 checkpoint after 
irradiation. DNA repair activity has been detected during the radiation-induced G2 delay and 
this checkpoint probably allows damaged chromosomes to be repaired prior to mitosis. 
Tumour cells often exhibit an aberrant G1 cell cycle checkpoint while the G2 cell cycle 
checkpoint remains intact. Drugs that abrogate the G2 checkpoint (i.e., caffeine, 
methylxanthines, UCN-01) lead to the induction of premature mitosis and mitotic catastrophe 
in the treated cells. UCN-01 preferentially sensitizes p53-mutated, radioresistant tumour cells 
to ionizing radiation.  


Molecular repair of DNA damage: Data from a number of studies indicate that the base 
excision repair (BER) and DNA-dsb repair pathways are involved in repairing the majority of 
ionizing radiation-induced DNA damage. For DNA-dsb repair, the main pathways of repair 
include homologous recombination (HR), which is operational during S and G2, and 
nonhomologous and joining (NHEJ), which is operational during G1. There is no simple 
relationship between expression of DNA repair genes or proteins and the relative 
radiosensitivity among unselected normal or tumour cells. However, in defined cell models, 
DNA repair capacity can influence cellular radiosensitivity as indicated by the extreme 
radiosensitivity of cells from some patients with DNA repair deficiency syndromes such as 
Ataxia Telangiectasia and the Nijmegen breakage syndrome. Similarly, isogenic cells 
defective in the expression of the BRCA1 and BRCA2 proteins can have decreased HR-
related repair of DNA-dsbs and decreased radiation cell survival. A reduced capacity for 
repair of DNA double-strand breaks is also observed among X ray–sensitive mutant Chinese 
hamster ovary (CHO) cells and among radiosensitive fibroblasts derived from severe 
combined immunodeficient mice (SCID) in which deficient NHEJ was correlated to a lack of 
DNA-PKCS kinase expression. Indeed, mouse cells made deficient for NHEJ (i.e., mouse 
knockouts for DNA-PKCS or Ku70 genes) have exquisite radiosensitivity and defective 
rejoining of DNA-DSBs. The understanding of the relationship between deficient DNA repair 
and radiosensitivity has led to strategies designed to radiosensitize tumour cells. In human 
fibroblasts, small silencing RNAs (siRNA) have been used to decrease endogenous DNA-
PKcs or ATM expression and result in a reduced capacity for repair of radiation-induced 
chromosome breaks and an increased yield of acentric chromosome fragments. These 
chromosomal rearrangements are associated with increased radiation cell killing. Similarly, 
antisense RNA or specific pharmacological approaches have been used to ablate DNA repair 
protein expression with resulting radiosensitization. Inhibitors of DNA repair appear to be a 
promising area of development and may have clinical value if the repair of DNA-dsbs in 
tumour tissues is reduced preferentially to that in normal tissues following irradiation (i.e., 
improve the therapeutic ratio).  


Effects of oncogenes and tumour suppressor genes on radiation response: Aberrant 
expression of oncogenes or tumour suppressor genes may increase the intrinsic cellular 
radioresistance of human and rodent cells. For example, increased radiation survival has been 
observed in selected cell lines following the transfection of a single oncogene, such as 
activated RAS, SRC, or RAF. This has led to studies designed to radiosensitize tumour cells by 
the inhibition of oncogene function using inhibitors of intracellular signaling pathways or 
antisense techniques (or siRNA) to decrease oncogene overexpression. When the ras 
oncogene undergoes mutation, it is permanently activated in the GTP-bound signaling state, 
providing proliferative signals in the absence of growth factor ligands, leading to altered cell 
growth, transformation, and radioresistance. However, increased radioresistance is more 
commonly observed in cells transfected with an activated ras gene in combination with a 
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nuclear cooperating oncogene, such as c-myc or mutant p53. Inhibitors of ras protein 
prenylation or function (farnesyl transferase inhibitors) have been reported to enhance 
radiation-induced cytotoxicity among preclinical models of human breast, lung, colon, and 
bladder cancer cells expressing mutated H or K-ras genes. Improvements in ras-pathway 
specificity are required for future development of farnesyl transferase inhibitors, but early 
clinical studies have shown success with minimal toxicity using these drugs in combination 
with radiotherapy in the treatment of advanced lung, and head and neck cancers. Downstream 
to ras, the raf-MEK-ERK and phosphatidylinositol-3 kinase (PI-3K)-Akt/PKB pathways are 
two separate signaling pathways that have also been linked to tumour radioresistance. Using 
antisense oligonucleotides against human RAF increased radiosensitivity in a human 
squamous cancer cell line and inhibitors of PI-3K signaling, such as LY294002 and 
wortmannin, enhanced the response to radiation in lung, bladder, colon, breast, HNSCC, and 
cervical cancer cells. The target specificity of these agents remains a concern as they can also 
inhibit other important PI-3K related proteins (ATM, ATR, and DNA-PKcs) in normal 
tissues.  


The tyrosine kinase activity of the epidermal growth factor receptor (EGFR) is increased 
following cellular exposure to ionizing radiation and addition of exogenous EGF to cells in 
culture renders them relatively radioresistant. Both EGFR and the related HER-2/neu receptor 
are overexpressed in a wide variety of epithelial tumours (head and neck squamous cell 
cancers (HNSCC), gliomas, breast, lung, colorectal, and prostate cancers) and this 
overexpression has been associated with poor clinical outcome following radiotherapy. 
Targeting EGF and HER-2/neu receptor signaling using monoclonal antibodies or specific 
inhibitors of EGFR or HER-2 leads to radiosensitization in vitro and in vivo and initial 
clinical studies are positive for inhibitors of EGFR in HNSCC.  


3.10. Tumour biology and host/tumour interactions 


Dose response and tumour control relationships: The emphasis on the molecular and 
cellular effects of radiation treatment reflects the belief that the response of tumours can be 
understood largely in terms of the response of the cells within those tumours. Tumour 
response to radiation treatment can be assessed by techniques that do not measure tumour cell 
survival directly. One such endpoint is growth delay that is determined by measuring the size 
of untreated and irradiated tumours as a function of time to generate growth curves. The delay 
in growth is the difference in time for treated and untreated tumours to grow to a defined size. 
The time difference is a measure of tumour response and can be plotted as a function of 
radiation dose. The shape and position of this curve will be different for different treatments. 
If groups of animals receive different radiation doses to their tumours, the percentage of 
controlled tumours can be plotted as a function of dose to give a dose control curve (Figure 
3.8). 
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Fig. 3.8 Illustration of two assays for tumor response: In (A), growth curves for groups of 
treated and untreated tumors are shown and the measurement of growth delay indicated. 
Growth delay is plotted as a function of radiation dose in (B). At large doses some of the 
tumors may not regrow and the percentage of controlled tumors can be plotted as a function 
of dose as in (C) (Tannock et al., 2005). 


Intrinsic to tumour growth is the concept that tumours contain a fraction of cells that have 
unlimited proliferative capacity (i.e., tumour stem cells). To achieve tumour control, all the 
tumour stem cells must be killed. For a simple model, which assumes that the response of a 
tumour to radiation depends on the individual responses of the cells within it, the dose of 
radiation required to control a tumour only depends on: (1) the radiation sensitivity of the 
stem cells and (2) their number. From a knowledge of the survival curve for the cells in a 
tumour, it is possible to predict the expected level of survival following a given single 
radiation dose. A simple calculation, using typical survival curve parameters for well-
oxygenated cells (D0 = 1.3 Gy, Dq = 2.1 Gy), indicates that a single radiation dose of 26 Gy 
might be expected to reduce the probability of survival of an individual cell to about 10-8. For 
a tumour containing 108 stem cells, this dose would thus leave, on average, one surviving cell. 
(Note that a tumour containing 5x108-109 total cells would be expected to have a volume of 
about 1cm3). Because of the random nature of radiation damage there will be statistical 
fluctuation around this value. The statistical fluctuation expected from random cell killing by 
radiation follows a Poisson distribution; the probability (Pn,) of a tumour having n surviving 
cells when the average number of cells surviving is a is given by:   


Pn = (ane-a)/n! 


For tumour control, the important parameter is P0, which is the probability that a tumour will 
contain no surviving stem cells (i.e., n = 0). From the above equation P0 = e-a so for a = 1, as 
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in the example above, the probability of control would be e-1 = 0.37. Different radiation doses 
will, of course, result in different values of a. For example, for identical tumours each 
containing 108 cells, a dose that reduces the survival level to 10-9 will give a = 0.1 (i.e., 10 
cells surviving in 100 tumours) with an expected probability of control of e-0.1 = 0.90. From 
such calculations, it is possible to construct a theoretical tumour control versus dose curve, 
which shows a sigmoid relationship (Figure 3.9).  


The above discussion assumes that the tumour stem cells exhibit uniform radiosensitivity 
within a tumour that reflects their radiosensitivity in vitro. However, the microenvironment of 
the cells in the tumour can significantly affect their sensitivity to radiation. This is well 
documented for hypoxia but there may also be interactions of the cells with the extracellular 
matrix (ECM) and/or interactions with growth factors. Interactions between the tumour cells 
and the ECM might also influence cellular signaling such as the EGFR/MEK/ERK pathway 
that can affect cellular sensitivity to radiation. There is increasing evidence that vascular 
damage and the induction of inflammatory cytokines play an important role in the responses 
of normal tissues to radiation treatment. The role that such factors may play in tumour 
response is largely unexplored. However, radiation-induced apoptosis of microvascular 
endothelial cells in the tumour might play a role in its response to radiation treatment.  


The terms radiosensitive and radioresistant have often been used to describe, respectively, 
tumours that regress rapidly or slowly after radiation treatment. This can be misleading 
because the rate of regression may not correlate with the ability to cure a tumour with 
tolerable doses of radiation. A better term to describe a tumour that regresses rapidly after 
treatment is radio-responsive. The rate of response of a tumour depends on the proliferative 
rate of its cells because most tumour cells express their radiation damage when they attempt 
mitosis. Thus, a tumour that contains a large proportion of proliferating cells will tend to 
express radiation damage to its cells early and will regress rapidly. Although radioresponsive, 
the tumour may contain surviving stem cells that will be responsible for its recurrence. 


 
Fig. 3.9 Percentage tumor control plotted as a function of dose for single radiation 
treatments. Theoretical curves for groups of tumors containing different numbers of tumor 
stem cells are shown. The points on the curve labeled “108 cells” are derived as discussed in 
the text. The composite curve (dashed) was obtained for a group containing equal proportions 
from the three individual groups (Tannock et al., 2005). 


The oxygen effect and radiosensitivity: The biological effects of radiation on cells are 
enhanced by oxygen. There is some uncertainty about exact mechanisms but O2 can interact 
with radicals formed by radiation, resulting in products which cause damage to DNA that is 
more difficult for the cell to repair. For this effect oxygen must be present in the cells at the 


90







 


time of or within a few milliseconds of the radiation exposure. Cells irradiated in the presence 
of air are about three times more sensitive than cells irradiated under conditions of severe 
hypoxia. At very low levels of oxygen the cells are resistant but, as the level of oxygen 
increases, their sensitivity rises rapidly to almost maximal levels at oxygen concentrations 
above about 35 micromoles per liter (equivalent oxygen partial pressure 25 mmHg). The 
oxygen concentration at which the sensitizing effect is one half of maximum (the Km value) 
varies among cell lines but is usually in the region 5 to 17 micromoles per liter (3 to 10 
mmHg equivalent partial pressure). The degree of sensitization afforded by oxygen is 
characterized by the oxygen enhancement ratio (OER), which is defined as the ratio of doses 
required to give the same biological effect in the absence or the presence of oxygen. For doses 
of X- or γ-radiation greater than about 3 Gy, the OER for a wide range of cell lines in vitro 
and for most tissues in vivo is in the range 2.5 to 3.3. For X- or γ -ray doses less than 3 Gy 
(i.e., in the shoulder region of the survival curve), the OER is reduced in a dose-dependent 
manner. A reduction of the OER at low doses is clinically important because the individual 
treatments of a fractionated course of radiation are usually 2 Gy or less. The OER is also 
dependent on the type of radiation, declining to a value of 1 for radiation with high LET 
values greater than about 200 keV/μm. 


Tumour Hypoxia: The cells in a tumour are influenced both by the microenvironment of 
solid tumours, which is characterized by regions of nutrient deprivation, low extracellular pH, 
high interstitial fluid pressure (IFP), and hypoxia. The oxygen concentration (pO2) in most 
normal tissues ranges between 10 and 80 millimeters of mercury, depending on the tissue 
type, whereas tumours often contain regions where the pO2 is less than 5 millimeters of 
mercury. These conditions in solid tumours are due primarily to the abnormal vasculature that 
develops during tumour angiogenesis. The blood vessels in solid tumours have highly 
irregular architecture, and may have an incomplete endothelial lining and basement 
membrane, which makes them more leaky than vessels in normal tissues. The leakiness of 
tumour blood vessels and a lack of functional lymphatic vessels is believed to be responsible 
for the increased IFP in tumours. A proportion of tumour cells may lie in hypoxic regions 
beyond the diffusion distance of oxygen where they are exposed to chronically low oxygen 
tensions. Tumour cells may also be exposed to shorter (often fluctuating) periods of (acute) 
hypoxia due to intermittent flow in individual blood vessels. Tumour hypoxia has been found 
to be heterogeneous both within and amongst tumours, even those of identical 
histopathological type, and it does not correlate simply with standard prognostic factors such 
as tumour size, stage, and grade. Studies with both extrinsic and intrinsic markers of hypoxia 
have shown that hypoxic cells can occur close to blood vessels, presumably due to fluctuation 
in blood flow in individual vessels resulting in regions of hypoxia for short periods of time 
(minutes to hours). Acute and chronic hypoxia can coexist in the same tumour and hypoxic 
regions in tumours are often diffusely distributed throughout the tumour and rarely 
concentrated only around a central core of necrosis.  


Hypoxia may play an important role in treatment outcome for many tumour types due to 
radiation resistance but hypoxia can also affect the metastatic ability of some tumour cells. 
This latter effect is probably due to altered gene expression associated with exposure to 
hypoxia. The expression of as much as 1.5 percent of the genome may be modified by 
exposure to hypoxia. Many of these genes are involved in cellular functions such as anaerobic 
respiration and include glycolytic enzymes and cell membrane proteins such as glucose 
transporters (e.g., GLUT-1) and enzymes that control carbonate levels (e.g., carbonic 
anhydrase IX, CA-IX). Genes that modify the oxygen carrying capacity of blood (e.g., 
erythropoietin) or increase vascularity, such as the angiogenic growth factors like vascular 
endothelial growth factor (VEGF) are also upregulated, as are survival factors and invasive 
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factors. Many of the genes upregulated by hypoxia contain a hypoxia response element (HRE) 
in their promoter region that is responsive to the transcription factor, hypoxia-inducible factor 
1 (HIF-1), a dimeric protein containing α and β subunits. HIF-1α is unstable under oxic 
conditions but is stabilized and expressed at increased levels in cells exposed to hypoxia. It is 
often overexpressed in tumours. Hypoxia-inducible factor 1 may also act in concert with other 
transcription factors to modify the expression of genes. Cells expressing activated oncogenes 
(such as Ras or src) demonstrate increased expression of angiogenic factors such as VEGF 
under hypoxic conditions and there is also evidence that signaling pathways such as the PI-
3K/AkT or MEK-ERK pathways) can increase the expression of HIF-1 responsive genes by 
enhancing the transcriptional activity of HIF-1. While increases in HIF-1α during hypoxic 
exposure appear to occur in all cell types, these secondary effects are cell type specific.  


Prolonged exposure to hypoxia can lead to cell death by apoptosis. Cells that have a mutated 
p53 gene have been found to acquire genetic resistance to hypoxia-mediated apoptosis. This 
suggests that hypoxia may promote tumour progression by selecting for cells with p53 
mutations. Other studies suggest that the cells which are exposed to an hypoxic tumour 
environment are more likely to develop genomic instability and acquire mutant genotypes. 
There is also evidence that exposure to hypoxia may reduce the functionality of DNA repair 
proteins, such as MSH-2, that are involved in mismatch repair. These observations suggest 
that cells growing within hypoxic regions of tumours constitute an important target for cancer 
treatment. Evidence that cells in the hypoxic regions of tumours are viable and capable of 
regrowing the tumour is provided by analysis of cell survival curves. For most tumours the 
terminal slope of such curves is characteristic of that for hypoxia cells (Figure 3.10). The 
proportion of viable hypoxic cells in tumours can be estimated from the ratio (Sair/Sanox) of 
the cell survival obtained for tumours in air-breathing animals irradiated with a large dose to 
the cell survival obtained for tumours irradiated with the same dose under anoxic conditions 
(e.g., tumour blood supply clamped or animal killed prior to the irradiation). It is assumed that 
the tumours made deliberately anoxic contain 100 percent hypoxic cells and that the radiation 
survival curve for the naturally occurring hypoxic cells is the same as that for the cells made 
deliberately anoxic. Most tumours treated in air-breathing animals contain a proportion of 
hypoxic cells, in the range 10 to 20%. These proportions represent the cells that are 
maximally resistant to irradiation (radiobiologically hypoxic). There will also be a substantial 
proportion of cells in tumours which are at intermediate oxygen levels. 
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Fig. 3.10 Effect of a subpopulation of hypoxic cells on the survival curve obtained for an 
irradiated tumor. The four curves shown are for a well-oxygenated population of cells (dotted 
line), two curves derived from tumors irradiated under air-breathing conditions (H and L) 
and a curve for tumors irradiated under anoxic conditions. The hypoxic fraction can be 
estimated by taking the ratio of the survival obtained under air-breathing conditions (Sair) to 
that obtained under anoxic conditions (Sanox) at a dose level where the survival curves are 
parallel, as illustrated. For the H curve this value is about 0.06 (6%) and for the L curve it is 
about 0.12 (12%) (Hill et al, 1971) 


The most commonly used method to measure pO2 in human tumours has been polarographic 
oxygen electrodes (usually the Eppendorf oxygen electrode). These electrodes can measure 
microregional pO2 (in a volume estimated to be equivalent to about 500 cells) in multiple 
locations giving a distribution of values. Measurements of tumour pO2 using this technology 
have revealed wide pO2 variations both within and between tumours. The oxygen electrode 
has the disadvantage that it is invasive and it is difficult to distinguish between measurements 
made in viable versus nonviable tissue regions. Studies with intrinsic markers of hypoxia 
(such as HIF-1α, GLUT-1, and CA-IX) have the advantage that they can be applied to 
existing tissue blocks for retrospective analysis of previous clinical studies. Increased levels 
of these markers have been associated with poorer treatment outcome in different tumour 
types. The most commonly used extrinsic markers are pimonidazole and EF-5, which have 
provided further evidence for substantial heterogeneity in hypoxia both within and between 
tumours. Further studies are required to establish whether these extrinsic markers will be 
reliable predictors of tumour hypoxia and treament outcome. The correlations between 
measured pO2 values, and/or between extrinsic and intrinsic markers have not been very 
consistent possible due to the large degree of heterogeneity in hypoxia observed in tumours. 


93







Increasing oxygen delivery to tumours: Because hypoxic cells represent a radiation-resistant 
subpopulation in tumours that is not present in most normal tissues, the therapeutic ratio 
might be improved by techniques to reduce the influence of hypoxic cells on tumour response. 
Clinical studies have demonstrated the negative effect of anemia on prognosis, and in many 
centres, blood transfusions are used to maintain patients at normal hemoglobin levels during 
treatment. A small randomized study in patients with carcinoma of the cervix showed 
improvement of local control with blood transfusions. However, there is little evidence that 
erythropoietin can improve local control or disease-free survival following radiotherapy. 
Experimental studies have suggested that low arterial oxygen tensions may also influence 
tumour response by affecting the level of hypoxia. Carbon monoxide in cigarette smoke 
reduces the oxygen carrying and unloading capacity of the blood and may result in reduced 
tumour oxygenation. Patients with head and neck cancer who continue to smoke during 
radiotherapy have been found to have decreased local control and survival after radiation 
treatment. 


In earlier studies oxygen delivery to tumour cells was increased by giving patients oxygen 
under hyperbaric conditions (200 to 300 kPa) during radiation treatment. An increase in the 
dissolved oxygen concentration in blood plasma should result in greater diffusion of oxygen 
into the hypoxic regions. Clinical studies with HPO as an adjuvant to radiation therapy have 
demonstrated significant improvement in local tumour control and survival for patients with 
cancers of the head and neck and cervix but this has not been observed in the limited studies 
of tumours at other sites. Other recent strategies for improving tumour oxygenation include 
the use of a combination of nicotinamide, which has been shown to increase tumour 
perfusion, and carbogen (95% O2 and 5% CO2) breathing. This combination (called ARCON 
therapy) has been reported to improve outcome in head and neck cancers treated with 
radiation therapy. Paradoxically, there is evidence in animal tumour models that treatment 
with anti-angiogenesis agents can improve oxygenation in some tumours, possibly due to 
regularization of the vasculature. Studies combining such agents with radiation treatment of 
experimental tumours have indicated improved treatment response but it remains uncertain 
whether these improved responses are due to improved oxygenation or to factors such as 
direct tumour cell kill induced by the anti-angiogenesis treatment.  


3.11. Radiobiology of normal tissue damage 


Radiation treatment can cause loss of function in normal tissues. In renewal tissues, such as 
bone marrow or the gastrointestinal tract, loss of function may be correlated with loss of 
proliferative activity of stem cells. In other tissues, loss of function may occur through 
damage to more mature cells and/or through damage to supporting stroma and vasculature. 
For example, head and neck irradiation can lead to altered swallowing or a dry mouth 
(xerostomia), while irradiation of pelvic structures may lead to nausea or a change in bladder 
and bowel function. Whole body radiotherapy, which is sometimes given in addition to 
chemotherapy during bone marrow transplantation, can lead to nausea and vomiting, 
decreased blood counts, and altered humoral and cell-mediated immune responses. 


Traditionally the effects of radiation treatment on normal tissues has been divided, based 
largely on functional and histopathological endpoints, into early (or acute) responses, which 
occur within a few weeks of radiation treatment, and late responses that may take many 
months or years to develop. Acute responses occur primarily in tissues with rapid cell renewal 
where cell division is required to maintain the function of the organ. These tissues are 
examples of what is known as the hierarchical model as they consist of a hierarchy of stem 
cells, proliferating, maturing cells and functional differentiated cells that are usually incapable 
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of further division. Because many cells express radiation damage during mitosis, there is early 
death and loss of proliferating, maturing cells killed by the radiation treatment. The lack of 
cells to feed into the functional compartment leads to reduced tissue function. Late responses 
tend to occur in organs whose parenchymal cells divide infrequently (e.g., liver or kidney) or 
rarely (e.g., central nervous system or muscle) under normal conditions. Depletion of the 
parenchymal cell population due to entry of cells into mitosis, with the resulting expression of 
radiation damage and cell death, will thus be slow. In tissues such as liver or thyroid the cells 
may have no strict compartments and in such ‘flexible’ tissues all cells including those in the 
functional compartment may divide to repair damage. Damage to the connective tissue and 
vasculature of the organ may lead to progressive impairment of its circulation. If the damage 
to the circulation is severe enough, secondary parenchymal cell death may occur due to 
nutrient deprivation. The loss of functional cells may induce other parenchymal cells to 
divide, causing further cell death as they express their radiation damage. In flexible tissue this 
may result in sudden onset of organ failure due to rapid loss of functional cells. Consequential 
late effects may also occur where severe early reactions have led to impaired tissue recovery 
and/or development of infection. 


The radiosensitivity of the cells of a number of normal tissues can be determined directly 
using in situ assays. Considerable variability in sensitivity is apparent and as with tumour 
cells, most of the difference appears to be in the shoulder region of the survival curve. The 
crudest functional assay for normal tissue damage is the determination of the dose of radiation 
given either to the whole body or to a specific organ that will cause lethality in 50 percent of 
the treated animals within a specified time (LD50). The relationship between lethality and 
single radiation dose is usually sigmoidal in shape. Dose-response relationships for normal 
tissues are generally quite steep and well defined. For study of the response of individual 
organs, one widely used approach is to define a level of functional deficit and to determine the 
percentage of irradiated animals that express at least this level of damage following different 
radiation doses. Such results have been reported for specific functional deficits in many 
tissues (e.g. increased breathing rate in lung, reduced flexibility due to increased fibrosis in 
subcutaneous tissue, induction of paresis in forelimbs following spinal cord irradiation). This 
approach also results in sigmoidal dose response curves.  


Increased cytokine and chemokine expression has been observed within hours after irradiation 
when there are no apparent functional or histopathological changes, and may recur and/or 
persist in cycles over many months. This cyclic expression has been documented most clearly 
in lung and brain tissue. Early increases in cytokine expression can occur after low doses of 
radiation (~1 Gy) but longer term changes have been observed after larger doses (5 to 25 Gy). 
The cytokines involved include pro- and anti-inflammatory factors such as tumour necrosis 
factor (TNF-α), interleukin 1 (IL-1α and IL-1β), and transforming growth factor (TGF-β). In 
specific tissues they may include other growth factors that are associated with collagen 
deposition, fibrosis, inflammation, and aberrant vascular growth. These inflammatory factors 
may induce production of damaging radicals such as reactive oxygen species independently of 
those caused directly by the radiation treatment. The interplay between these various factors 
(cell killing, cytokine production, vascular damage) in producing the overall tissue damage 
remains poorly understood and is likely to vary from one organ to another. 


3.11.1. Acute tissue responses 


Acute radiation responses occur mainly in renewal tissues and have been related to death of 
critical cell populations such as the stem cells in the crypts of the small intestine, in the bone 
marrow, or in the basal layer of the skin. Responses in these tissues depend on the cell 
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kinetics of the particular tissue but usually occur within 3 months of the start of radiotherapy. 
They are not usually limiting for fractionated radiotherapy because of the ability of the tissue 
to undergo rapid repopulation to regenerate the parenchymal cell population and in the case of 
skin because with high energy beams the dose to the skin surface is less than that at a depth 
below the basal layer. Radiation-induced cell death in normal tissues generally occurs when 
the cells attempt mitosis, thus the tissue tends to respond on a time scale similar to the normal 
rate of loss of functional cells in that tissue and the demand for proliferation of the supporting 
stem cells. Radiation-induced apoptosis has also been detected in many cells and tissues, such 
as lymphoid, thymic, and hematopoietic cells, spermatogonia, and intestinal crypts. In 
lymphoid and myeloid tissue a substantial fraction of the functional cells can die by apoptosis 
and, thus, this mode of death plays an important role in the temporal response of these tissues 
to irradiation. In the crypts of the small bowel there is a small fraction of stem cells that die by 
apoptosis, but the majority dies a mitosis-linked death and the significance of radiation-
induced apoptosis is unclear. Endothelial cells in the vasculature supporting the crypts and 
villi of the small intestine of mice have also been reported to be prone to radiation-induced 
apoptosis, but these reports are controversial. Those cells were reported to be protected by 
treatment of the animal with basic fibroblast growth factor. This treatment also protected the 
animals against radiation-induced gastrointestinal injury, suggesting that dysfunction of the 
vasculature can reduce the ability of the crypts to regenerate. Radiation-induced apoptosis in 
endothelial cells occurs via activation of the ceramide pathway rather than as a direct result of 
DNA damage, thus inhibition of this pathway might protect the gastrointestinal tract against 
radiation damage.  


Skin: Following irradiation of skin, there is early erythema within a few days of irradiation 
and this is believed to be related to the release of 5-hydroxytryptamine by mast cells, 
increasing vascular permeability. Similar mechanisms may lead to the early nausea and 
vomiting observed following irradiation of the intestine. Expression of further acute skin 
reactions (erythema, moist desquamation and ulceration) depends on the relative rates of cell 
loss and cell proliferation of the basal cells in the epidermis (these cells mature and 
differentiate to produced the keratinized layers of the skin) and desquamation of the outer skin 
layers. In human skin this occurs starting at about 2 to 3 weeks into a course of fractionated 
radiation therapy. The extent of these reactions and the length of time for recovery depend on 
the dose received and the volume (area) of skin irradiated, because early recovery depends on 
the number of surviving basal cells that are needed to repopulate the tissue. Erythema in 
human skin occurs at single doses greater that about 6 Gy, while moist desquamation and 
ulceration occur after single doses of 20 to 25 Gy. Increased cytokine levels have also been 
observed in skin and plasma following large doses of irradiation, although their exact role in 
the observed radiation effects is unclear. 


Oral mucosa: Oral mucosa has a similar cellular organization to skin but the lifespan of the 
differentiated cells is shorter so there is more rapid response to irradiation. The mucosal 
reactions in the mouth are a major factor limiting the daily and weekly dose accumulation 
during fractionated radiotherapy of Head-and-Neck Squamous Cell Carcinoma (HNSCC). 
Many patients may develop spotted-confluent mucositis when doses of 60-70 Gy are 
delivered in 2 Gy fractions over 6-7 weeks. Similar effects can occur in the oesophagus 
starting at about 2 weeks into fractionated radiotherapy. 


3.11.2. Late tissue responses 


Late tissue responses occur in organs whose parenchymal cells normally divide infrequently 
and hence do not express mitosis-linked death until later times when called upon to divide. 
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They also occur in tissues that manifest early reactions, such as skin/subcutaneous tissue and 
intestine, but the nature of these reactions (e.g. mucosal atrophy, vascular damage, chronic 
inflammation, subcutaneous fibrosis and intestinal stenosis) is quite different from the early 
reactions in these tissues. Late responses (usually regarded as those which occur more than 3 
months after treatment) usually limit the dose of radiation that can be delivered to a patient 
during radiotherapy. The nature and timing of late reactions depends on the tissue involved 
and can be expressed as diminished organ function, for example, radiation-induced 
nephropathy (symptoms of hypertension, increased creatinine and blood urea nitrogen levels). 
However, one common late reaction is the slow development of tissue fibrosis that occurs in 
many tissues (e.g., subcutaneous tissue, muscle, lung, gastrointestinal tract), often a number 
of years after radiation treatment. Radiation-induced fibrosis appears to be associated with the 
aberrant and prolonged expression of the growth factor TGF-β following irradiation. This 
growth factor can stimulate proliferation of fibroblasts and their differentiation into fibrocytes 
that produce collagen. Transforming growth factor-β also plays a major role in wound healing 
and the development of late radiation reactions has similarities to the healing of chronic 
wounds. Apoptosis has also been observed within hours after irradiation of a number of late 
responding normal tissues in rodents, such as the salivary glands, pulmonary and brain 
endothelial cells and spinal cord. For example, in rat spinal cord it has been reported that 
endothelial cell apoptosis following irradiation initiates the disruption of the blood/spinal cord 
barrier, which may be an early lesion leading on to the development of white matter necrosis 
and myelitis. Apoptotic endpoints, however, have often not correlated with clonogenic 
survival or functional or histopathological endpoints, and the relevance of apoptosis in 
radiation-induced late normal tissue damage remains to be established.  


The lung is an important site of late radiation damage and is one of the more radiosensitive 
organs in the body. There are two types of reactions, pneumonitis that occurs 2 to 6 months 
after irradiation and fibrosis which usually occurs more than 1 year after irradiation. These 
reactions can cause increases in tissue density on lung scans and increases in breathing rate if 
severe. Measuring changes in breathing rate has been used extensively to assay the dose-
response relationship for radiation-induced lung damage in rats and mice, particularly the 
development of pneumonitis. Studies in rodents have documented that there is a rapid 
induction of inflammatory cytokines in lung after irradiations, but the relationship between 
this induction and the later development of functional symptoms is unclear. Studies in lung 
cancer patients have related prolonged increases in TGF-β levels in plasma following 
radiotherapy to the likelihood of developing lung fibrosis. In rodents, genetic factors can 
influence the development of pneumonitis and fibrosis following lung irradiation, although 
these factors do not affect the radiosensitivity of lung cells directly. Genetic factors may help 
to explain interpatient differences in response to lung irradiation. The dose required to cause a 
functional impairment in lung depends on the volume of (functional) lung irradiated, with 
small volumes being able to tolerate quite large doses. This effect is due to the functional 
reserve of the lung because imaging with CT scans or plane X rays films demonstrates that 
the irradiated region has sustained severe damage and will develop fibrosis. Studies in 
rodents, using the dose required causing an increased breathing frequency in 50% of animals 
(ED50) as an endpoint, have defined a relationship between ED50 and volume irradiated which 
is not linear with dose and which indicates that the base of the lung is more sensitive than the 
apex. The underlying mechanisms may relate to the functional reserve in different regions of 
the lung and/or to the extent of cytokine production following irradiation of different regions 
of the lung. There is also (limited) evidence for regional effects following irradiation of 
human lung. 
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The heart is often irradiated during thoracic irradiation. Acute pericarditis can occur at times 
longer than 1 year after irradiation and is associated with chest pain and shortness of breath. 
Severe cardiomyopathy is characterized by dense and diffuse fibrosis and in general is a later 
condition developing over many years. The volume of heart irradiated plays an important role 
in the incidence of this complication and doses of 45-50 Gy (in 2 Gy fractions) to 50% of the 
heart will cause about 10% incidence of this condition. There is some evidence that irradiation 
of different regions of the heart may cause different severity of symptoms. Recent animal 
studies have suggested that heart irradiation may also impact on the severity of symptoms 
associated with lung irradiation both at early and late times. 


The kidney is another very radiosensitive late-responding organ. Radiation damage to the 
kidney develops slowly and results in nephropathy with arterial hypertension, increased 
proteinurea (e.g.blood urea nitrogen and creatinine), and anaemia if both kidneys are treated 
with doses in the range of 30 Gy in 2 Gy fractions. Again because there is functional reserve 
partial irradiation of kidney can be given to higher doses. In contrast to many tissue there 
seems to be little regenerative response in kidney with the result that extending the treatment 
time does not allow for a larger dose to be tolerated. Mechanisms of damage in the kidney 
may relate to damage to the individual tubules but there is evidence that disturbed function of 
the renin-angiotensin system is also involved. Drugs which block increased activity of this 
system (ACE inhibitors of AT-II blockers) have been found to provide some protection in 
animal models. The tolerance of kidney is a particular concern for total body irradiation prior 
to bone marrow transplantation as is liver tolerance. Liver has a large functional capacity so 
that its tolerance increases markedly if only part of the organ is exposed. The cell turnover 
rate in liver is quite slow so that liver function does not deteriorate for a number of months 
but this process is progressive and if the whole liver is irradiated, doses greater than 30-35 Gy 
(2 Gy fractions) can lead to fatal hepatitis. 


In the central nervous system (CNS), radiation reactions mostly occur at 6 months or later. At 
the early times demyelination may occur in the white matter leading to somnolence (brain 
irradiation) or parathesia (spinal cord irradiation) but these early effects are usually reversible 
and do not necessarily predict for the development of more serious late brain necrosis or 
myelopathy. At later times (1-2 years) more permanent demyelination and necrosis of the 
white matter is seen but damage may also be observed in the grey matter associated with 
vascular lesions. The risk of late effects is very dependent on dose per fraction with lower 
fraction sizes reducing the risk. However, repair of sublethal radiation damage in CNS is slow 
relative to most other tissues with a component which appears to have a half life of about 4 
hrs. This means that multiple fractions per day must be widely spaced to maximize repair. 


3.11.3. Whole body irradiation 


The response of animals to single dose whole body irradiation can be divided into three 
separate syndromes (hematological, gastrointestinal, and neurovascular) that manifest 
following different doses and at different times after irradiation. The neurovascular 
syndrome occurs following large doses of radiation (>20 Gy) and usually results in rapid 
death (hours to days) due to cardiovascular and neurological dysfunction. The 
gastrointestinal syndrome occurs after doses greater than about 8 to 12 Gy and in rodents 
doses at the upper end of this range usually result in death at about 1 week after irradiation 
due to severe damage to the mucosal lining of the gastrointestinal tract; this causes a loss of 
the protective barrier with consequent infection, loss of electrolytes and fluid imbalance. 
Intensive nursing with antibiotics, fluid, and electrolyte replacement can prevent early death 
from this syndrome in human victims of radiation accidents, but these patients may die later 
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due to damage to other organs. The hematopoietic syndrome occurs at doses in the range of 2 
to 8 Gy in humans (3 to 10 Gy in rodents) and is caused by severe depletion of blood 
elements due to killing of precursor cells in the bone marrow. This syndrome causes death in 
rodents (at the higher dose levels) between about 12 to 30 days after irradiation and somewhat 
later in larger animals, including humans. Death can sometimes be prevented by bone marrow 
transplantation (BMT) and cytokine therapy (e.g., GM-CSF, G-CSF, stem cell factor) 
provided that the radiation dose is not too high (<10 Gy) when damage to other organs (e.g., 
gastrointestinal tract) may become lethal. There are substantial differences in the doses 
required to induce death from the hematopoietic syndrome (i.e., LD50 value) between different 
species of animals and even between different strains of the same species. The LD50 value for 
humans has been estimated at 4 to 7 Gy depending on the available level of supportive care 
(excluding BMT). Following doses greater than about 2 Gy, humans will develop early 
nausea and vomiting within hours of irradiation (prodromal syndrome), which may be 
controlled with 5-hydroxytryptamine antagonists.  


3.11.4. Retreatment tolerance 


Although tissues may repair damage and regenerate after irradiation, previously irradiated 
tissues may have a reduced tolerance for subsequent radiation treatments, indicating the 
presence of residual injury. For early responding tissues there is almost complete recovery in 
a few months so that a second high dose of radiation can be tolerated. For late-responding 
tissues the extent of residual injury depends on the level of the initial damage and is tissue 
dependent. There is substantial recovery in skin, mucosa, spinal cord, and lung over a period 
of 3 to 6 months, but kidney, heart, and bladder show little evidence of recovery. Clinical 
studies have demonstrated that retreatment to high doses with curative intent is possible 
depending on the tissues involved but usually entails increased risk of normal tissue damage. 


3.11.5. Volume effects 


As discussed above, the volume of a normal organ that is irradiated often plays a significant 
role in its sensitivity to irradiation. The effect of volume can be considered in the context of 
the functional subunits of an organ (e.g. in kidney, the tubules; in the lung, the alveoli) and 
whether the organ has a ‘parallel’ functional structure (e.g. lung, kidney or liver), where the 
different function subunits perform the same function, or a ‘serial’ functional structure (e.g. 
spinal cord) in which the functional subunits must work together in series for tissue function. 
Thus tolerance doses change markedly for lung, liver or kidney, if different volumes are 
irradiated but if a relative small length (~ 20 cm) of the whole cross section of the spinal cord 
is irradiated to 50-55 Gy (2 Gy fractions) myelopathy may be observed and the tolerance dose 
changes little as the volume is reduced until it gets below about 5 cm. Recent animal studies 
suggest that irradiation of part of the cross section of the cord can result in an increase in the 
tolerance dose. For skin or mucosa, volume is important because depletion of basal stem cells 
over a larger area of the surface results in a greater requirement for the surviving basal cells to 
proliferate and migrate to effectively repopulate the whole area prior to desquamation of the 
outer layers of the organ. If ulceration occurs this may predispose to infection and the 
development of consequential late effects. Modern radiotherapy using intensity modulation 
techniques (IMRT) can reduce the volume of normal tissue in the high dose volume, which 
can lead to reduced toxicity particularly in parallel organs but the improved high dose 
distribution is often gained at the expensive of giving a lower dose to a larger volume of 
normal tissue. The impact of this increased volume receiving a lower dose is currently 
unknown but has raised concerns about possible second malignancies. 
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3.11.6. Therapeutic ratio (or index) 


The therapeutic ratio is ill-defined numerically but the concept is that of a comparison 
between tumour control and normal tissue complications (Figure 3.11). Tumour-control 
curves tend to be shallower than those for normal tissue response because of heterogeneity. 
The therapeutic ratio is often defined as the percentage of tumour cures that are obtained at a 
given level of normal tissue complications (i.e., by taking a vertical cut through the two 
curves at a dose that is clinically acceptable, e.g., at 5% complications after 5 years, to give 
the TD5/5 value). An approach more in keeping with the definition of other ratios, such as 
relative biological effectiveness (RBE) and oxygen enhancement ratio (OER), is to define the 
therapeutic ratio in terms of the ratio of radiation doses Dn/Dt required to produce a given 
percentage of complications and tumour control (usually 50%). It is then a measure of the 
horizontal displacement between the two curves. It remains imprecise, however, because it 
depends on the shape of the dose-response curves for tumour control and normal tissue 
complications. The curves shown in the figure depict a situation in which the therapeutic ratio 
is favorable (A) because the tumour-control curve is displaced to the left of that for normal 
tissue damage. The greater this displacement, the more radiocurable is the tumour. Because 
the tumour control curve is shallower than that for normal tissue damage, the therapeutic ratio 
tends to be favorable only for low and intermediate tumour-control levels. If the two curves 
are close together (B) or the curve for tumour control is displaced to the right of that for 
complications, the therapeutic ratio is unfavorable because a high level of complications must 
be accepted to achieve even a minimal level of tumour control. 


 


Fig. 3.11 Illustration of the concept of a therapeutic ratio in terms of dose-response 
relationships for tumour control and normal tissue damage. See the text for discussion of the 
two parts of the figure (Tannock et al., 2005). 


3.12. Time-dose-fractionation 


It is generally accepted that for conventional radiation therapy the overall patient outcome is 
improved by fractionating radiation treatments. Many of the underlying biological effects 
occurring during fractionated radiation treatment have been identified, and the improvement 
may be explained in terms of the biological response of tissue. The most important biological 
factors influencing the responses of tumours and normal tissues to fractionated treatment are 
often called the “four Rs”: repair, repopulation, redistribution, and reoxygenation. In recent 
years ‘radiosensitivity’ has been added to make 5 R’s, in order to allow for the differing 
radiosensitivity among normal cells, and among tumour cells in different individuals. 
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3.12.1. Repair 


The shoulder on a survival curve after single radiation doses is indicative of the capacity of 
the cells to accumulate and repair radiation damage. If multiple doses are given with sufficient 
time between the fractions for repair to occur (4 to 24 hrs depending on the cells or tissue 
involved) the effective survival curves is straight on a semilogarithmic plot and has a 
shallower slope than the curve for big single doses. The effective slope depends on the size of 
the individual dose fractions, becoming shallower as the fraction size is reduced (Figure 3.12). 
This effect is also seen for irradiation of different tissues. The single dose survival curve for 
most cells has a finite initial slope apparently due to a (single-hit) non-repairable damage 
component (Figure 3.12), so there is a limit below which further reduction of the fraction size 
will no longer reduce the effective slope of the survival curve. At this limit, essentially all the 
repairable damage is being repaired between each fraction so that the cell killing is due almost 
entirely to non-repairable events. The fraction size at which this limit is reached is different 
for different cell populations depending on their repair capacity. When the size of the 
individual dose fractions is such that the survival is represented by the curvilinear shoulder 
region of the survival curve, as for most dose fractions used clinically, then repair will be 
maximal when equal-sized dose fractions are given. Repair kinetics have been estimated in a 
number of normal (rodent) tissues, and half-times for repair ranged from 0.5 hours in jejunum 
to 1 to 2 hours in skin, lung, and kidney. Thus, repair will be complete in most normal tissues 
after an interfraction interval of 6 to 8 hours. In the rodent spinal cord, it has been found that 
the effective repair halftime is greater than 2 hours (it appears to have two components with 
one component having a halftime of as much as 4 hrs), so repair is not complete even with an 
interfraction interval of 8 hours.  


3.12.2. Repopulation 


In both tumours and normal tissues, proliferation of surviving cells may occur during the 
course of fractionated treatment. Furthermore, as cellular damage and cell death occur during 
the course of the treatment, the tissue may respond with an increased rate of cell proliferation. 
The effect of this cell proliferation during treatment, known as repopulation or regeneration, 
will be to increase the number of cells during the course of the treatment and reduce the 
overall response to irradiation. This effect is most important in early-responding normal 
tissues (e.g., skin, gastrointestinal tract) or in tumours whose stem cells are capable of rapid 
proliferation; it will be of little consequence in late-responding, slowly proliferating tissues 
(e.g., kidney), which do not suffer much early cell death and hence do not produce an early 
proliferative response to the radiation treatment. Repopulation is important in reducing acute 
responses during prolonged treatments, such as those involving a period without irradiation 
(split-course treatment). Repopulation is likely to be more important toward the end of a 
course of treatment, when sufficient damage has accumulated (and cell death occurred) to 
induce a regenerative response. This appears to be true for tumours as well as for normal 
tissues. There is evidence that accelerated repopulation can occur in human tumours during 
the later part of a course of fractionated therapy. For HNSCC accelerated repopulation 
becomes apparent at 3 to 4 weeks after the start of the treatment. The data are consistent with 
an (accelerated) doubling time of about 4 days for the clonogenic tumour cells, compared to a 
median volume doubling time of about 2 to 4 months for unperturbed tumour growth. 
Repopulation of tumour cells during a conventional course of radiotherapy is believed to be 
an important factor influencing local tumour control in patients with head and neck or cervical 
cancer. It has been estimated that local control is reduced by approximately 0.5 percent for 
each day that overall treatment time is prolonged. Repopulation provides the biological 
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rationale for accelerating fractionated radiation therapy. Overall treatment time would be 
expected to be less important for slower-growing tumours such as prostate or breast cancer.  


 


 


Fig. 3.12 The influence of fractionating the radiation treatment on the shape of cell survival 
curves. When repair occurs between the fractions, the shoulder of the survival curve is 
repeated for every fraction. The curve labeled “single-hit component” is discussed in the text. 
(Tannock et al., 2005) 


3.12.3. Redistribution/recruitment 


Variation in the radiosensitivity of cells in different phases of the cell cycle results in the cells 
in the more resistant phases being more likely to survive a dose of radiation. Two effects can 
make the cell population more sensitive to a subsequent dose of radiation. Some of the cells 
will be blocked in the G2 phase of the cycle, which is usually a sensitive phase. Some of the 
surviving cells will redistribute into more sensitive parts of the cell cycle. Both effects will 
tend to make the whole population more sensitive to fractionated treatment as compared with 
a single dose. Because redistribution inevitably involves cell proliferation, the survival will 
also be influenced by repopulation, which reduces the effect of redistribution. Both 
redistribution and repopulation are important primarily in proliferating cell populations. Also, 
not all cell lines show large differences in radiosensitivity between cells in different cell cycle 
phases, and the effect of redistribution will be correspondingly less for these types of cells. In 
many normal tissues (and probably in some tumours), stem cells can be in a resting phase 
(G0) but can be recruited into the cell cycle to repopulate the tissue. There is some evidence 
that cells in cycle are slightly more sensitive to radiation than G0 cells, possibly because G0 
cells may repair more potentially lethal damage. Recruitment of resting cells into the 
proliferative cycle during the course of fractionated treatment, therefore, may tend to increase 
the sensitivity of the whole population. Neither recruitment nor redistribution would be 
expected to have much influence on late responses that occur predominantly as a result of 
injury to tissues in which the rate of proliferation is low.  
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3.12.4. Reoxygenation 


The response of tumours to large single doses of radiation is dominated by the presence of 
hypoxic cells within them, even if only a very small fraction of the tumour stem cells are 
hypoxic. Immediately after a dose of radiation, the proportion of the surviving cells that is 
hypoxic will be elevated. However, with time, some of the surviving hypoxic cells may gain 
access to oxygen and hence become reoxygenated and more sensitive to a subsequent 
radiation treatment. Reoxygenation can result in a substantial increase in the sensitivity of 
tumours during fractionated treatment. Reoxygenation has been shown to occur in almost all 
rodent tumours that have been studied, but both the extent and timing of this reoxygenation 
are variable. Reoxygenation may result from increased or redistributed blood flow, reduced 
oxygen utilization by radiation-damaged cells, or rapid removal of radiation-damaged cells so 
that the hypoxic cells become closer to functional blood vessels. Measurements of the pO2 in 
human tumours (using Eppendorf oxygen electrodes) during fractionated radiotherapy have 
demonstrated improved oxygen status in some tumours, suggesting reoxygenation. However, 
these measurements do not distinguish between surviving cells and those already inactivated 
by the treatment. Although there is no direct evidence for reoxygenation of surviving hypoxic 
cells in human tumours, it is probable that it is a major reason why fractionating treatment 
leads to an improvement in therapeutic ratio (as compared to single large doses) in clinical 
radiotherapy. Evidence that the oxygen status of tumours can predict treatment outcome 
following radiation therapy suggests that reoxygenation is inadequate to eliminate the effects 
of hypoxia on treatment response for at least some tumours in man (e.g. HNSCC, cervix 
carcinoma). 


3.12.5. Time and dose relationships 


Repair and repopulation increase the total dose required to achieve a given level of biological 
damage (an isoeffect) in a course of fractionated radiation treatment. Redistribution and 
reoxygenation would be expected to reduce the total dose required for the isoeffect. 
Reoxygenation applies mostly to tumours (because they contain hypoxic cells), while 
repopulation and redistribution apply both to tumours and proliferating normal tissues. Repair 
is an important factor in the response of nearly all tissues. It is often difficult to dissect the 
influence of the individual factors but experimental studies suggest that repair of sublethal 
damage between fractions is more important than repopulation, certainly over the first few 
weeks of course of treatment. As the fractionated treatment is prolonged to longer times, the 
contribution of repopulation becomes greater.  


The fact that the biological effect of radiation depends on the fractionation schedule has 
important implications for the planning of radiation therapy. To obtain the maximum dose to 
a tumour while minimizing dose to surrounding normal tissue, the radiation oncologist will 
often use a number of overlapping radiation beams. The dose at any given location will be 
calculated by summing the doses given by the various individual beams, and the dose 
distribution will be represented by a series of isodose curves (like contours on a map) joining 
points that are expected to receive equal percentages of the dose at a particular point (usually 
within the tumour). These isodose lines must be viewed with caution because the same total 
dose may not give the same biological effect if the doses delivered by the individual beams 
are of unequal size and they are not given in close temporal sequence. For example, equal-
sized dose fractions allow for maximum repair; thus, if different beams are delivered on 
different days, the surrounding normal tissues that receive unequal contributions from 
different beams would have less optimal repair capacity than the tumour where the 
contributions from the different beams are equal. The biological effect would then be different 
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at different points on the same isodose line. This provides the radiobiological rationale for 
treating all fields daily when multiple fields are used to treat a tumour.  


 


 


 


 


Fig. 3.13 Isoeffect curves for fractionated treatments plotted in three different formats. (A) 
Line plotted by Strandqvist to define normal tissue tolerance and control of carcinoma of the 
skin and lip using the axes of total dose and overall treatment time. (B) Isoeffect curve for 
damage to pig skin plotted as total dose versus number of fractions. (C) Isoeffect curve for the 
crypt cells of the mouse intestine plotted as total dose versus fraction size using an inverted 
scale. The solid line is for fractions given 3 hours apart and the broken line for fractions 
given 24 hours apart (Tannock et al., 2005). 


3.12.6. Isoeffect curves 


Different fractionation schedules that give the same level of biological effect can be presented 
in the form of an isoeffect curve. Isoeffect curves are generated by plotting the total radiation 
dose to give a certain biological effect against the overall treatment time, fraction number, or 
fraction size (Figure 3.13). Experimental studies performed mainly in rodents have 
established isoeffect curves for different normal tissues using endpoints of either early or late 
radiation damage. The isoeffect lines for late responses tend to be steeper than those for early 
responses (i.e. a larger increase in total dose is required to give the same level of late toxicity 
as the dose per fraction is reduced and the number of fractions increased). This implies a 
greater capacity for the repair of damage in tissues where it is expressed late than for damage 
in tissues where it is expressed early after radiation treatment. The reasons for this difference 
remain unknown. The observation that late-responding normal tissues demonstrate greater 
repair capacity than early responding normal tissues is a fundamental radiobiological principle 
underlying altered fractionation schedules using multiple daily fractions in clinical 
radiotherapy.  
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3.12.7. The linear quadratic equation and models for isoeffect 


Most isoeffect relationship used clinically are based on the linear-quadratic (LQ) equation.  


SF = N/N0 = exp -(αD+βD2) 


In using the LQ model, it is assumed that each fraction has an equal effect, thus for a 
fractionated regime (n fractions of size d):  


SF = [exp -(αd+βd2)]n or -ln SF = n(αd+βd2) 


It is further assumed that if different fractionation regimes (e.g., n1 fractions of size d1 and n2 
fractions of size d2) are isoeffective for a given tissue, they lead to the same surviving fraction 
(SF). Thus we have:  


Isoeffect (E) = -ln SF = n1(αd1+βd1
2) =  n2(αd2+βd2


2) 


which can be simplified to give:  


n1d1/n2d2 =  (α+βd2)/( α+βd1)  = (α/β +d2)/(α/β+d1) 


From this relationship and knowing the values of n1, d1, n2, and d2, the constant α/β can be 
determined for the particular tissue and used in the equation to predict other isoeffective 
treatment schedules. The parameter α/β has the units of dose (Gy) and is a measure of the 
shape of the survival curve. The parameter α defines the initial slope of the survival curve; the 
larger the value of α, the steeper the initial part of the curve. The parameter β defines the 
curvature of the survival curve and a large value of β implies more curvature. Thus, a large 
value of α/β implies a steep curve with little curvature (i.e., a small shoulder to the survival 
curve) and a small value of α/β implies a shallow curve with greater curvature (i.e., a large 
shoulder to the survival curve). Because the size of the shoulder of the survival curve is a 
measure of the repair capacity of the cells, a small value of α/β is consistent with greater 
repair capacity and a steep isoeffect curve, whereas a large value of α/β is consistent with 
lesser repair capacity and a shallow isoeffect curve.  


Derived α/β values for different normal tissues in rodents suggest that late-responding tissues 
have values in the range 2 to 4 Gy (i.e., consistent with a steep isoeffect curve), while early-
responding tissues have values in the range 8 to 12 Gy (i.e., consistent with a shallow 
isoeffect curve). The limited data available for human tissues suggest values in the same 
ranges. Most tumours appear to have α/β values similar to or greater than those for early-
responding tissues, although recent data suggest that certain slow growing tumours (e.g. 
prostate cancer) may have lower α/β values between 1 and 3 Gy. There is no consideration of 
the effect of treatment time in the LQ model. In practice, this is a limitation that applies to 
early normal tissue responses, which occur in proliferative tissues (and tumours), rather than 
to late normal tissue responses, which generally occur in tissues that have slowly proliferating 
parenchymal cell populations, and for which the response to radiation is less influenced by the 
duration of fractionated treatment. In the LQ model, it is also assumed that there is complete 
repair between the fractions, and predictions from the model may lead to serious overdosing 
when the interfraction interval is too short or where repair of sublethal damage is slow (e.g. as 
in spinal cord). 
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3.12.8. Altered fractionation schedules 


The higher capacity for repair of radiation damage in late-responding normal tissues (low α/β 
values) as compared with early-responding normal tissues and most tumours (high α/β 
values) can be exploited to obtain a therapeutic gain by reducing the fraction size below that 
used conventionally (from about 2 Gy to 1.5 Gy) and increasing the number of fractions. The 
increase in dose that can be tolerated at the isoeffective level of late normal tissue damage 
should be greater than that required to maintain the same level of tumour control (i.e., the 
tumour would receive a larger biologically effective dose and hence the control rate should be 
higher). The larger number of fractions required must be given more than once per day if the 
treatment time is not to be prolonged. Such a treatment protocol is termed hyperfractionation. 
The intent of hyperfractionation is to reduce late effects while achieving the same or better 
tumour control and the same or slightly increased early effects. The time interval between the 
fractions must be sufficiently long to allow time for complete repair to occur. An increase in 
late morbidity would be expected when multiple fractions per day are given to fields that 
include the spinal cord, as has been observed in patients given three fractions per day; 
Continuous Hyperfractionated Accelerated Radiotherapy; (CHART regime- see below). 


An increase in early normal tissue reactions would be expected with hyperfractionation 
because the larger α/β value for early-responding tissues implies a smaller change in the 
amount of repair as fraction size is reduced relative to that occurring in late-responding 
tissues. The increase in dose that can be tolerated can be estimated, but such calculations are 
limited by the low reliability of available estimates of α/β for human tissues. The rationale for 
hyperfractionation does not consider reoxygenation. Because there is no change in overall 
treatment time, it is assumed that reoxygenation will not be much different than for a 
conventional fractionation scheme. Clinical trials evaluating a larger total dose delivered by 
hyperfractionation have reported an increase in local control with no difference in late normal 
tissue damage. These results support the hypothesis that an increase of total dose can be 
achieved by hyperfractionation without increasing the probability of late complications. 


Shortening of the overall treatment time might also improve the therapeutic ratio because it 
will reduce the time for repopulation to occur in the tumour during treatment. A similar effect 
might be achieved by blocking growth factors or their receptors, which are required for 
tumour cell proliferation. The tolerance of late-responding normal tissues should be little 
affected because cell proliferation is slow within them. Reduced treatment time is achieved by 
giving more than one fraction per day with standard dose fractions of 1.8 to 2.5 Gy given 6 to 
8 hours apart to allow for repair, a strategy called accelerated fractionation. Randomized trials 
of accelerated fractionation compared to conventional fractionation for treatment of head and 
neck cancer have provided evidence supporting the importance of repopulation as a cause of 
treatment failure. A combined hyperfractionated accelerated radiation therapy (CHART) 
study (3 fractions per day for 12 days) gave a reduced dose in the experimental arm of the 
study but maintained the same tumour control level, with a slight reduction in late morbidity. 
A second study, which gave a similar total dose in both arms, reported increased tumour 
control in the accelerated fractionation arm, but there was also increased late toxicity. This 
increased toxicity was likely due to the short (4hr) interfraction interval, which was probably 
not sufficient to allow for complete repair between the fractions so that severe early reactions 
may have led to consequential late effects.  
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3.13. Predictive assays  


3.13.1. Predicting the response of tumours 


Radiosensitivity: The knowledge of biological factors that influence the response of tissues 
and tumours to fractionated irradiation has led to interest in prediction of treatment outcome 
for individual patients based on assays that assess intrinsic radiation sensitivity of tumour and 
normal cells, the proliferative capacity of the tumour cells and the extent of tumour hypoxia. 
Even tumours of the same size and histopathological type are likely to vary in their proportion 
of stem cells. Thus, a dose-control curve for a group of human tumours will be a composite 
and the slope of the composite dose-control curve and will be less than that for the individual 
tumours. Fractionation of the radiation treatment and heterogeneity in the radiosensitivity of 
tumour stem cells will also result in a decrease in the slope of the dose-control curve. Thus, 
the slope of the dose-control curve derived from a clinical study is likely to be shallow due to 
tumour heterogeneity. It is therefore desirable to seek a way of assigning the tumours to more 
homogeneous groups, so that patients with differences in prognosis can be identified. This is a 
major motivation for attempts to develop predictive assays of radiosensitivity.  


Studies of a wide range of cell lines derived from human tumours have shown intrinsic 
variations in radiation sensitivity (Table 4, Chapter 1). Survival curves can vary considerably 
even for cells of similar histopathological types and it is the shoulder of the curves that varies 
most widely. Even small differences in the shoulder region can be important because they are 
magnified during the multiple fractionated daily doses of 1.8 to 2 Gy given in clinical 
radiotherapy. Consider a tumour for which survival following a dose of 2 Gy is 0.8. Assuming 
that each fraction of a multiple-dose treatment is equally effective, and that there is no cell 
proliferation between dose fractions, the survival following thirty fractions of 2 Gy would be 
(0.8)30 = 10-3. In contrast, for a tumour in which the survival following 2 Gy is 0.6, survival 
after 30 fractions would be (0.6)30 = 2 x10-7. Thus, small differences in survival at low doses 
can translate into very large differences during a course of fractionated treatment. Estimates 
of the surviving fraction following a dose of 2 Gy for different human tumour cell lines 
growing in culture may be grouped according to histopathological type and compared with the 
likelihood that such tumours will be controlled by radiation treatment (Table 2.4,). There is a 
trend toward higher levels of survival at 2 Gy for the cells from tumour groups expected to be 
less radiocurable.  


The concept that tumour response for an individual patient can be predicted has been tested 
using the survival following 2 Gy of radiation (or another parameter that reflects 
radiosensitivity at clinically relevant low doses) to predict for the outcome of fractionated 
radiotherapy treatment. Using a clonogenic assay for cells from primary human cervix Ca or 
HNSCC biopsies grown in soft agar it was found that patients with tumours containing 
radioresistant cells (SF2 > median) had significantly worse local control and survival than 
those with more tumours containing radiosensitive cells (SF2 < median). However, these 
results have been difficult to reproduce and the widespread application of such assays is 
limited by technical problems. Other potential limitations of such assays are: (1) they do not 
account for microenvironmental factors influencing radiosensitivity in vivo; (2) tumours may 
contain clonogenic subpopulations of different intrinsic radiosensitivity; (3) the assay may not 
be measuring the radiosensitivity of the stem cells in vivo. Other proposed measures of 
radiosensitivity (e.g DNA repair, micronucleus formation, levels of radiation induced 
apoptosis or reduced growth delay) have been similarly inefficient in predicting tumour 
response. It is hoped that the genomics/proteomics revolution will provide better signatures of 
radiation sensitivity. 
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Proliferation: The potential doubling time (Tpot) is a measure of the rate at which new tumour 
cells are added to the tumour cell population and, as discussed above, values vary quite 
widely for human tumours. The median for HNSCC is in the range 4 to 5 days. The 
pretreatment Tpot has been suggested as a measure of the proliferative rate of the surviving 
tumour cells following radiotherapy and has been evaluated as a predictive assay. A trend for 
an adverse treatment outcome associated with short Tpot has been reported in patients with 
head and neck cancer and cervical cancer and Tpot was initially thought to predict for the 
repopulation potential of tumours during therapy. However, subsequent studies have not 
confirmed its utility, and the development of better assays of tumour cell proliferation during 
therapy is required. 


Hypoxia: Measurements of pO2 in human tumours using the Eppendorf oxygen electrode 
have revealed wide pO2 variations both within and between tumours. Results from clinical 
studies in cervix Ca HNSCC and NSCLC treated by radiotherapy or radiotherapy and 
chemotherapy indicate that hypoxic tumours (median pO2 value ~5 to 10 mm Hg) have a 
worse prognosis both in terms of disease-free and overall survival. Similar results have been 
obtained for soft tissue sarcoma in smaller studies. The data suggest that the hypoxia 
measurements can predict for distant metastases as well as local failure. Studies with intrinsic 
or extrinsic markers of hypoxia have also reported that increased levels of these markers have 
been associated with poorer treatment outcome in different tumour types but further studies 
are required to establish whether these markers will be reliable predictors of treatment 
outcome. The correlations between measured pO2 values, and/or between extrinsic and 
intrinsic markers have not been very consistent to date. Thus only measurements of tumour 
hypoxia using polarographic probes have demonstrated sufficient predictive power at present 
to be useful in planning cancer treatments, although such measurements have not been used 
clinically to modify treatment strategies.  


3.13.2. Predicting normal tissue response 


Patients receiving identical radiation treatments may experience differing levels of normal 
tissue injury; thus predictive assays might be useful in identifying those patients at greater risk 
of experiencing the side effects of radiotherapy. The enhanced radiosensitivity of patients 
with ataxia telangiectasia (AT) and Nijmegen breakage syndrome (NBS) supports a genetic 
contribution to individual variability in radiosensitivity. Studies of breast cancer patients have 
also shown individual correlation of acute and late skin reactions in one treatment field with 
those in a different treatment field. Several studies have quantitated the in vitro 
radiosensitivity of fibroblasts and peripheral lymphocytes as a potential predictive assay for 
normal tissue damage. These studies have shown variations in the radiosensitivity of 
fibroblasts from individual patients, but have been inconsistent in predicting late radiation 
fibrosis. While large differences in radiosensitivity, such as those observed in AT patients, are 
sufficient to cause discernable differences in late normal tissue effects, the differences in 
radiosensitivity of normal cells between most patients appear not be sufficient to override the 
effects of the other factors, such as cytokine induction and the response of the tissue stroma 
and vasculature, that also influence the development of normal tissue damage. Limited studies 
examining the expression of cytokines (e.g. TGF-β) following irradiation have also suggested 
that such measurements might be predictive for normal tissue toxicity in organs such as lung. 
However, these studies have not yet provide sufficient information to allow the development 
of a robust predictive assay. Current studies are investigating whether the evaluation of the 
expression of multiple genes in tumours using DNA microarrays or SNPs in specific genes 
might lead to better predictive assays. 
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3.14. Combined radiation and drug treatments 


Therapeutic ratio (or index): Patients are treated frequently with drugs and radiation therapy. 
When two or more agents are combined to give an improvement in the therapeutic index, this 
implies that the increase in toxicity to critical normal tissues is less than the increase in 
damage to tumour cells. Because the dose limiting toxicity to normal tissues may vary for 
different drugs and for radiation, two agents may often be combined with only minimal 
reduction in doses as compared with those that would be used if either agent were given 
alone. Additive effects against a tumour with less than additive toxicity for normal tissue may 
then lead to a therapeutic advantage. Mechanisms by which different agents may give 
therapeutic benefit when used in combination have been classified as follows: (1) independent 
toxicity; (2) spatial cooperation, whereby disease that is missed by one agent (e.g., local 
radiotherapy) may be treated by another (e.g., chemotherapy); (3) protection of normal 
tissues; and (4) enhancement of tumour response.The above mechanisms suggest guidelines 
for choosing drugs that might be given in combination. Most drugs exert dose-limiting 
toxicity for the bone marrow, but this is not the case for vincristine (dose-limiting 
neurotoxicity), cisplatin (nephrotoxicity), or bleomycin (mucositis and lung toxicity). Thus 
many drugs can be given in combination with radiation without overlapping toxicity. 
Exceptions include doxorubicin and irradiation of the heart and bleomycin and irradiation of 
the lung. As new targeted drugs are introduced into cancer therapy it will be important to 
assess their toxicity when combined with radiation particularly for patients being given 
curative doses which generate normal tissue effects which are close to tolerance levels. 


Synergy and additivity: Isobologram analysis: Claims are made frequently that two agents 
are synergistic, implying that the two agents given together are more effective than would be 
expected from their individual activities. Confusion has arisen because of disagreement as to 
what constitutes an expected level of effect (additivity) when two non-interacting agents are 
combined. Usually there is a range of possible additivity and an appropriate definition must 
take into account the dose-effect relationship for each agent used alone rather than a simple 
summation or multiplication of individual effects. The use of multiple agents may lead to an 
increase in the therapeutic index, but it is rare that a claim for synergy of effects against a 
single population of cells can be substantiated. The concepts of synergy and additivity 
between two agents can be understood by considering the level of cell survival after treatment 
of a single population of cells, either in a tumour or in a normal tissue. Isobologram analysis 
provides a method for defining the range of additivity (Figure 3.14). Dose-response curves are 
first generated for each agent used alone. These dose-response curves are then used to 
generate isoeffect plots (known as isobolograms). These curves relate the dose of agent A to 
the dose of agent B that would be predicted, when used in combination, to give a constant 
level of biological effect (e.g., cell survival) for the assumptions of (1) independent damage 
and (2) overlapping damage. These curves define an envelope of additivity. If, when the two 
agents are given together, the doses required to give the same level of biological effect lie 
within the envelope, the interaction is said to be additive. If they lie between the lower 
isobologram and the axes (i.e., the combined effect is caused by lower doses of the two agents 
than predicted) the interaction is supra-additive or synergistic. If the required doses of the two 
agents in combination lie above the envelope of additivity (i.e., the effect is caused by higher 
doses than predicted), the interaction is sub-additive or antagonistic. Demonstration that two 
or more agents have a supra-additive or synergistic interaction has been used as a rationale for 
their inclusion in clinical protocols. This rationale is valid only if the interaction leads to a 
greater effect against the tumour as compared with that against limiting normal tissues (i.e., if 
it leads to an improvement in therapeutic index). It is theoretically possible that antagonistic 
agents (subadditive interaction) could improve therapeutic index provided that there was 
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greater antagonism of toxic effects for normal tissues as compared to toxicity for the tumour, 
or they have non-overlapping toxicities. 


 


Fig. 3.14 Isobologram relating to the doses of two agents that would be expected to give a 
constant level of biologic effect when used together. It was generated from dose-response 
curves for each agent separately. Assumptions about overlap or nonoverlap of damage (Fig. 
17.9) lead to the generation of two isobologram curves (I and II) that describe an envelope of 
additive interaction. Experimental data falling outside this envelope may indicate synergistic 
or antagonistic interactions, as shown. (Tannock et al., 2005) 


Drugs and radiation: Many patients receive treatment with both drugs and radiation, and 
there is increasing evidence that concurrent treatment with radiation and drugs such as 
cisplatin leads to improvement in therapeutic index in a variety of cancer sites such as the 
head and neck and uterine cervix. Mechanisms of interaction between drugs and radiation at 
the cellular level may be evaluated from cell survival curves for radiation obtained in the 
presence or absence of the drug. Drugs may influence the radiation survival curve in at least 
three ways: (1) the curve may be displaced downward by the amount of cell kill caused by the 
drug alone; (2) the shoulder on the radiation survival curve may be lost, suggesting an 
inability to repair radiation damage in the presence of the drug; and (3) the slope of the 
exponential part of the radiation survival curve may be changed, indicating sensitization or 
protection by the drug. Most drugs influence survival curves according to the first two 
patterns; this corresponds to the limits of additivity, where sublethal damage may be 
independent or overlapping. The third pattern, leading to a change in slope of the dose 
response curve, defines agents that are radiation sensitizers or protectors. Sensitization of this 
type has been reported inconsistently for cisplatin and for prolonged exposure to 5-FU after 
radiation. Cisplatin and radiation is a widely used combination treatment treatment for a 
variety of tumours including HNSCC or Cervix Ca.  Improvement in therapeutic index from 
use of drugs and radiation requires selective effects to increase damage to tumour cells as 
compared to those in normal tissues. One mechanism by which combined treatment with 
radiation and drugs leads to therapeutic advantage arises when radiation is used to provide 
effective treatment for sites of bulky disease (usually the primary tumour), and drugs are used 
to treat metastatic sites containing smaller numbers of cells. This spatial cooperation requires 
no interaction of the two modalities but involves different dose-limiting toxicities. The 
combined use of radiation and drugs might be used to obtain therapeutic advantage for 
treatment of a primary tumour if the combined effect of the treatment is greater on the tumour 
than the surrounding normal tissue. Currently there is limited information available about the 
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ability of drugs to increase the late effects of radiation on normal tissue, even though these 
late effects are most often dose limiting. 


Genetic instability in tumours often leads to the presence of subclones, which coexist in the 
tumour with different levels of sensitivity to drugs and to radiation. When therapy is applied, 
any resistant cells that are present will have a selective survival advantage and will determine 
tumour response: thus, heterogeneity in therapeutic response may tend to make tumours more 
resistant to treatment than normal tissues. Combined treatment with radiation and drugs might 
then lead to improved therapeutic index if radiation can eradicate small populations of drug-
resistant cells, or if drugs can eliminate populations that are relatively resistant to radiation 
therapy. This cooperative effect requires that mechanisms of resistance to the two therapeutic 
agents are independent. Mechanisms (other than hypoxia) that convey clinical resistance to 
radiotherapy remain poorly understood, but probably include enhanced ability to repair 
damage to DNA, increased levels of SH compounds such as glutathione (or of associated 
GST enzymes) that scavenge free radicals (especially in hypoxic cells), and decreased ability 
to undergo apoptosis. These mechanisms may also convey resistance to some anticancer 
drugs, whereas many other mechanisms of drug resistance are unlikely to cause resistance to 
radiation. Resistance to any given drug may be caused by multiple mechanisms so that a 
radiation-drug combination that provides therapeutic advantage for one tumour may not do so 
for another if different mechanisms of drug resistance are dominant. Effective use of 
combined treatment would be facilitated by rapid pretreatment assays that give insight into 
mechanisms of resistance prior to initiation of therapy. Proliferation of surviving cells during 
a course of fractionated radiation (i.e., repopulation) acts to increase the total number of cells 
that must be killed. Anti-cancer drugs given during the course of fractionated radiation 
(concurrent treatment) are in general more effective than combinations in which the 
treatments are given sequentially. Concurrent treatments might be expected to inhibit 
repopulation during fractionated radiotherapy. Combined treatment may then convey 
therapeutic advantage if the rate of repopulation is greater for the tumour cells than it is for 
normal tissues within the radiation field. Greater specificity would be expected for agents that 
inhibit specifically the proliferation of tumour cells; this might be achieved through use of 
hormonal agents (tamoxifen, antiandrogens) used concurrently with radiation for treatment of 
breast or prostate cancer.  


Another possible strategy is to administer inhibitory growth factors (e.g. members of the 
TGF-β family) or agents that block receptors for stimulatory growth factors such as epidermal 
growth factor receptor (EGFR) if they are expressed selectively on tumour cells. Promising 
results are being achieved in clinical trials with the monoclonal antibody cetuximab, which 
inhibits signaling from the EGFR used together with radiation therapy. Repopulation during 
fractionated radiation therapy might also be influenced by prior treatment with neoadjuvant 
chemotherapy. Such chemotherapy may cause tumour shrinkage, followed by improved 
nutrition of surviving cells, with consequent stimulation of cell proliferation. If there is 
increased repopulation of surviving cells during the subsequent course of fractionated 
radiation therapy, any advantage from initial shrinkage of the tumour caused by chemotherapy 
may be lost or reversed because of the decreased net effectiveness of subsequent radiation 
treatment. 


Hypoxic cell sensitizers and cytotoxins: Another mechanism that has potential for 
exploitation through combined use of radiation and drugs depends on the presence of a 
hypoxic microenvironment within solid tumours. A hypoxic environment conveys resistance 
to radiation because cell killing is dependent in part on the presence of oxygen. One approach 
to reduce the influence of tumour hypoxia involves the use of drugs that mimic the 
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radiosensitizing properties of oxygen. These drugs, known as hypoxic-cell radiosensitizers, 
must diffuse to all parts of a tumour to be effective. A family of compounds, the 
nitromidazoles, has been found to contain members that can sensitize hypoxic cells both in 
vitro and in animal tumours. The most extensively studied of these compounds is 
misonidazole, which can sensitize hypoxic cells in vitro in a dose-dependent fashion and does 
not sensitize oxygenated cells. A large number of nitroimidazole sensitizers have been 
investigated, and nine have reached clinical evaluation. Overall, results from the trials using 
misonidazole have been disappointing, possibly because the dose of misonidazole was limited 
by a dose-dependent peripheral neuropathy. Studies using drugs that are less toxic, such as 
etanidazole and nimorazole, revealed conflicting results. Whereas nimorazole has been 
associated with improved tumour control in head and neck cancer, benefit was not 
demonstrated in two multicenter trials for head and neck cancer using etanidazole. Although 
most trials with nitroimidazoles have failed to demonstrate a significant benefit, a recent 
meta-analysis of results from over 7000 patients included in fifty randomized trials indicated a 
small but significant improvement in local control and survival, with most of the benefit 
attributed to an improved response in patients with head and neck cancer. The apparent lack 
of significant clinical benefit in most of the individual trials may be because only tumours that 
are severely hypoxic benefit from such treatment and prior measurements of the level of 
tumour hypoxia were not used to select patients entered into the trials. 


Another approach to reducing the influence of hypoxia on the radiation response of tumours is 
to use (bioreductive) drugs that are toxic under hypoxic conditions. Complementary effects of 
radiation (against aerobic cells) and of drug (against hypoxic cells) might then increase the 
therapeutic ratio. The principal bioreductive drug of current clinical interest is tirapazamine, a 
benzotriazine di-N-oxide. Tirapazamine is cytotoxic to hypoxic cells because under hypoxia, 
it is metabolized to an oxidizing radical that produces DNA damage including double-strand 
breaks, probably by interacting with topoisomerases. In the presence of oxygen, the radical is 
converted (by oxidation) back to the parent compound. The drug also interacts with the 
chemotherapeutic agent cisplatin to increase its toxicity. Tirapazamine is being evaluated in 
clinical trials and has shown efficacy in a phase III trial with cisplatin in non–small-cell 
carcinoma of the lung. A clinical study in patients with cancers of the head and neck also 
demonstrated that tirapazamine, in combination with cisplatin and radiation therapy, was safe 
to administer, and resulted in disappearance of tumour hypoxia as assessed with F18 
misonidazole positron emission tomography scans. A variety of other drugs which are 
specifically toxic to hypoxic cells are current at various stages of development and clinical 
study (e.g. AQ4N, which is a di-N-oxide prodrug that is reduced under  conditions of low-
oxygen tension to form the active species, AQ4, a DNA affinic, topoisomerase II poison). 


Radioprotection: An alternative approach to improve the therapeutic ratio is to protect normal 
tissue selectively from radiation damage. Many agents can protect against radiation damage to 
cells in culture. These include agents that can scavenge radiation-produced radicals, such as 
dimethyl sulfoxide (DMSO) or the superoxide dismutase enzymes (SODs), and those that can 
donate a hydrogen atom back to a radical site created on a macromolecule such as DNA, 
including the nonprotein sulfhydryls, glutathione, and cysteine. Because of the short lifetimes 
of radiation-induced radicals, these agents have to be present in the cell at the time of the 
irradiation. They are equally effective for tumour and normal cells in vitro; thus specificity in 
vivo depends largely on preferential uptake of such agents into the normal tissue. One agent 
that appears to fulfill this criterion is amifostine, a phosphorothioate compound that is 
converted into a sulfhydryl-containing compound in vivo by the action of alkaline 
phosphatases. Amifostine is localized selectively in normal tissues, probably because of poor 
penetration from tumour blood vessels and reduced levels of the activating enzyme, alkaline 
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phosphatase, in tumour cells relative to the activity on the membranes of normal cells. 
Therefore, it may offer selective protection against radiation (and a variety of drugs that 
damage cells by producing reactive intermediates which bind to sulfhydryl groups). There 
remain concerns, however, that this agent might also provide some protection of tumour cells. 
Amifostine was shown to protect a variety of normal tissues with variable, mostly small, 
protection of tumours in animal models and clinical studies in head and neck and lung cancers 
have shown substantial protection of normal tissue, including salivary gland, lung, and 
mucosa, without detectable change in tumour response.   


Another strategy for radioprotection is the use of gene therapy with a viral vector designed to 
induce expression of manganese superoxide dismutase (MnSOD) that can block the action of 
reactive oxygen radicals. This approach is being used in the esophagus and lung by 
administering the vector topically or as an inhalant. It has been shown to provide protection 
for the lung and oral mucosa in rodents with no protection for the tumour growing in the lung. 
Presumably the viral vector can be effectively adsorbed through the mucosa or lung surface 
but cannot penetrate effectively into the tumour. Clinical trials of this strategy are in progress. 
A variation in this approach has suggested that the extent of subcutaneous fibrosis in patients 
may be reduced by direct injections of agents, such as SOD/α-tocopherol into the fibrotic 
region. A third developing approach is to block the development of late radiation effects with 
treatment given after the end of the radiation. The use of steroids after irradiation to prevent 
lung injury is an example, although this treatment appears to delay the development of 
symptoms rather than prevent them. Studies in rodents have demonstrated that expression of 
angiotension converting enzyme (ACE) is increased in lung and kidney at late times after 
irradiation. Agents which block ACE activity or agents which block directly the action of 
angiotensin II have been found to protect lung and kidney from the development of radiation 
induced fibrosis and nephropathy respectively. Only in kidney has it been demonstrated 
clearly that reduced functional damage can be sustained after the end of the drug treatment.  
Clinical studies are in progress investigating this approach. 


Novel therapies: Multiple new drugs designed to target specific biochemical (signalling) 
pathways or specific processes in tissue (such as angiogenesis) that may be important for 
tumour growth and development are currently being developed and tested in clinical studies. 
While a number of such drugs are now used regularly for treatment of specific types of cancer 
(e.g. Gleevec for Chronic Myelogenous Leukemia or Gastro-intestinal Stromal tumours) most 
of these drugs have not been yet been extensively tested in combination with radiation. Partly 
this is because of the long times necessary to determine whether such agents will affect the 
development of the late toxicities which limit the doses delivered in curative radiation 
treatments. Furthermore few such drugs are tested for their toxicity to hypoxic cells despite 
our knowledge that most tumours contain a significant proportion of such cells.  One 
interesting and potentially specific approach is the use of agents that are activated by radiation 
through the use of vectors that contain radiation-inducible promoters directly driving 
production of the toxic molecule (e.g TNF-α) or driving expression of enzymes which can 
convert prodrugs into toxic species (GDEPT - gene-directed pro-drug therapy). Such vectors 
should be activated only in the radiation field and would be expected to activate the prodrugs 
primarily in the irradiated volume. One current problem with such approaches is to get 
distribution of the vector into all the cells in the tumour, although this problem may be 
partially overcome if the toxic species produced can diffuse to neighbour cells and create a 
toxic bystander effect. Most of these strategies are currently at the experimental stage. 
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3.15. Clinical radiobiology of common cancers 


There have been many biomathematical modeling studies of the response of common cancers 
such as in head and neck, lung, breast, cervix and prostate, as well as laboratory studies of 
particular biological parameters. In general, it has been shown that the dose-response slope for 
human cancer control is less steep than is the case for normal tissue complications and this is 
due largely to greater amounts of heterogeneity that varies between institutional series. 
Fractionation sensitivity (chararacterised by the reciprocal of the α/β ratio) is low for head and 
neck, lung and cervix tumours, higher for breast tumours, and very high for prostate tumours. 
The α/β ratio of around 1.5 Gy for prostate tumours has prompted various clinical trials to 
explore the potential benefits of using high doses per fraction. Regarding tumour clonogen 
repopulation during treatment, there is usually a lag phase of several weeks before 
repopulation effects become evident, equivalent to around 0.6 Gy per day using 2 Gy 
fractions for head and neck and lung tumours, about half that for cervix tumours, and around 
zero for prostate tumours. These differences are associated with the potential for repopulation, 
characterised by the potential doubling time of the tumour clonogens. Studies of tumour 
hypoxia have shown the presence and variability of hypoxia among tumours of the head and 
neck, cervix and prostate, suggesting that chemical modifiers of hypoxia could be used most 
efficaciously on the subset of patients that show high levels of tumour hypoxia. 


3.16. Second cancers in radiotherapy patients 


High doses directed to the cancer also result in some normal cells receiving low doses in the 
margins of the radiation beam. Low doses of radiation can induce mutations in cells that 
survive irradiation, and some of these mutated cells can lead to the production of second 
cancers. Hence there is a small risk of inducing a second cancer when curing a primary 
cancer. The issue of second cancers is becoming better recognised as treatments of primary 
cancers improve and patients survive longer, so that there is time available for development of 
any initiated malignancies. Second or higher-order cancers now account for 1 in 6 incident 
cancers reported to the US National Cancer Institute’s Surveillance, Epidemiology, and End 
Results (SEER) Program. Second cancers can also arise in people who developed a primary 
cancer and were not irradiated, but who received other treatments such as surgery. These are 
second primary cancers, and they arise more frequently in patients who have certain genetic 
syndromes that predispose them to the development of various malignancies. Second cancers 
should be distinguished from secondary cancers, which are cancers that have arisen from 
malignant cells that have metastasised from existing primary cancers. It should be noted that 
the terminology of second or secondary is not always consistent in the scientific literature and 
sometimes the terms are used interchangeably. 


The estimation of risk of radiation-induced cancer from radiotherapy of a first cancer can be 
derived from epidemiological studies of patients with common cancers that were cured with a 
similar probability when treated either with surgery or with radiotherapy, and these are mainly 
cancers of the cervix, prostate and testis. The risk of leukaemia following radiation is 
considerably smaller than after chemotherapy, usually in the order of 2-fold. Leukaemia risk 
is usually greatest about 5 to 9 years after radiotherapy exposure and then slowly declines. 
Radiation- related leukaemia risk is a function of dose to the active bone marrow, dose rate, 
and percentage of exposed marrow. The excess risk of leukaemia per unit of radiation dose is 
considerably larger after low doses than after high doses due to cell killing at higher doses. 
Thus, many studies in cancer patients have confirmed that high radiation doses to limited 
fields are associated with little or no increased risk of leukaemia. In contrast, exposure of 
larger volumes of bone marrow to radiotherapy may result in considerably higher risks as 
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shown in testis cancer patients treated with past radiation treatments to chest, abdominal, and 
pelvic fields, with resultant 11-fold risks of leukaemia. Low-dose total body irradiation [e.g. 
as used for the treatment of non–Hodgkin lymphoma in past years] has also been associated 
with high risks of leukaemia. Radiation has been associated with increased risks of acute 
myeloid leukemia (AML), chronic myelogenous leukaemia (CML), and acute lymphoblastic 
leukaemia (ALL). Only chronic lymphocytic leukemia (CLL) has not been linked with either 
prior radiotherapy or chemotherapy. 


Breast cancer has emerged as the most common solid tumour among female survivors of 
Hodgkin lymphoma after treatment. Excess breast cancers, which are largely due to high-
dose, large-field chest irradiation for Hodgkin lymphoma, are inversely correlated with age at 
treatment. The highest risks are observed among women treated for Hodgkin lymphoma at 
age less than 30 years, a finding that parallels the known sensitivity of the breast to ionizing 
radiation in the young. One large analytic, international investigation of Hodgkin lymphoma 
patients estimated long term risk according to radiation dose to the area in the breast where 
cancer was later diagnosed and that took into account chemotherapy- or radiotherapy-related 
ovarian damage.  Statistical analyses were conducted to estimate the relative risk of breast 
cancer in terms of radiation dose to site of breast cancer and to the ovaries, cumulative dose of 
alkylating agent chemotherapy, and other risk factors. A radiation dose to the breast of more 
than 4 Gy was followed by a significantly increased 3.2-fold risk of breast cancer compared 
with women who received lower doses to the breast without alkylating agents. Risk of breast 
cancer increased with increasing radiation dose to reach 8-fold at >40 Gy, and excess 
radiotherapy-related breast cancers occurred for >25 years after exposure. The smaller 
radiotherapy fields and lower doses now used to treat Hodgkin lymphoma should eventually 
result in lower risks of breast cancer. 


The interaction of chemotherapy with radiation or other risk factors in the development of 
solid tumours also needs consideration. For example, smoking multiplies the risk of either 
alkylating agent-associated or radiotherapy-associated lung cancer. In contrast, the effect of 
chemotherapy and radiation on lung cancer risk after Hodgkin lymphoma seems additive, as 
does the effect of cyclophosphamide and radiation on excess bladder cancers after non–
Hodgkin lymphoma. Other relevant questions include the effect of the sequence and timing of 
exposures and interactions with other risk factors. Further, it will be important to understand 
whether relations between cytotoxic drugs, radiation, and solid tumour risk represent either an 
independent carcinogenic effect or radiosensitization by the chemotherapeutic agent, possibly 
by drug interference with the repair of radiation-induced DNA damage. 


For cervix cancer, the data come from series of patients analysed from Scandinavia, USA, and 
Japan. In the regions of the body receiving high doses, the relative risk (RR) averaged over all 
3 series for induced bladder cancer in cervix cancer patients surviving radiotherapy was about 
1.6 (i.e. 60% greater) compared to the incidence in cervix cancer patients treated using non-
radiation methods, and about 3.3 compared to the incidence of primary cancers in the general 
population. For induced rectal cancer the respective RR values were about 1.2 and about 1.5, 
and for induced colon cancer were about 1.0 and about 1.1. This indicates that in these cervix 
cancer patients there was a higher incidence of a second primary cancer in bladder and rectum 
than of a first primary cancer in these sites in the general population, and the use of 
radiotherapy increased the risk of a primary cancer in these sites. 


For one large series of prostate cancer patients who received either radiotherapy it could be 
concluded that if a prostate cancer patient is to be treated with radiotherapy, the risk of 
developing a radiation-induced second cancer is approximately only 0.3%. Half of the 0.3% 
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risk of the radiation-induced cancers is in the low-dose regions such as for the lung. The other 
half of the risk is in the high-dose regions where radiotherapy frequently induces atrophy 
associated with chronic inflammation, which is a well-known pre-cancerous lesion. Over this 
and another large series, the most statistically significant increase in second cancers was in the 
bladder, where the RR was about 1.09 compared to the general population. Overall there was 
no significant difference in bladder RR for prostate cancer patients receiving radiotherapy 
versus other forms of treatment, and no significant elevation of risk regarding radiation 
induced rectal and colon cancer.  


The accuracy of a calculated dose–response relationship for radiation-induced secondary 
cancer is limited by (1) the heterogeneity of the test population with respect to tumour 
characteristics (volume, grade, etc.) and dose distribution (total dose and dose per fraction) 
throughout the involved tissues, (2) accuracy of scoring outcome, (3) length of follow-up, and 
(4) validity of the degree of matching of the study to the reference populations. That is, the 
study and reference populations must be comparable in all respects for the computed risk to 
be a close approximation to the true risk. In fact, homogeneous test and reference populations 
are rarely available. 


Direct observation of increased tumorigenic radiosensitivity in genetically cancer-prone 
humans has been made in cases of retinoblastoma, nevoid basal cell carcinoma (NBCC) 
syndrome, neurofibromatosis and Li-Fraumeni syndrome receiving radiotherapy for primary 
malignant disease. For these disorders, particularly for retinoblastoma and NBCC syndrome, 
there is evidence of increased risk of second, therapy-related cancer. There are also data 
showing that a number of cancer-prone genetic conditions are associated with chromosomal 
radiosensitivity, assessed in the G2 phase of the cell cycle. In addition to A-T and NBS which 
show marked increases, certain disorders associated with tumour suppressor gene mutation 
are also somewhat increased in chromosomal sensitivity, e.g. Li-Fraumeni syndrome, 
retinoblastoma and NBCC syndrome. Although still uncertain, it may be that in these 
disorders, the consequences of mutation of certain tumour suppressor genes for cell cycle 
control may provide an explanation for the effect. Radiosensitivity in a broad range of cancer-
predisposing genetic disorders remains somewhat contentious, but recent work not only has 
achieved the discrimination of radiosensitivity in A-T heterozygotes but also raises the 
possibility that a significant fraction (as much as 40%) of unselected breast cancer patients are 
also characterised by increased chromosomal radiosensitivity. Hence the proportion of 
individuals in a population with increased susceptibility to cancer and to radiation-induced 
second cancer could be more extensive than currently thought. Other factors that may 
influence response to radiation exposure include radiation-related genomic instability 
(destabilisation of the genome), epigenetic phenomena (microenvironmental changes 
affecting cellular responses), and bystander effects (irradiated cells sending injurious signals 
to unirradiated neighbouring cells). 


Intensity-modulated radiation therapy (IMRT) allows dose to be concentrated in the tumor 
volume while sparing normal tissues. This in turn allows the possibility to increase the dose 
and hence to increase the chance of curing the tumour. However, the downside to IMRT is the 
potential to increase the number of radiation-induced second cancers. The reasons for this 
potential are more monitor units and, therefore, a larger total-body dose because of leakage 
radiation and, because IMRT involves more fields, a bigger volume of normal tissue is 
exposed to lower radiation doses. Intensity-modulated radiation therapy may double the 
incidence of solid cancers in long term survivors. This outcome may be acceptable in older 
patients if balanced by an improvement in local tumor control and reduced acute toxicity. On 
the other hand, the incidence of second cancers is much higher in children, so that doubling it 
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may not be acceptable. IMRT represents a special case for children for three reasons. First, 
children are more sensitive to radiation-induced cancer than are adults. Second, radiation 
scattered from the treatment volume is more important in the small body of the child. Third, 
the question of genetic susceptibility arises because many childhood cancers involve a 
germline mutation. 


3.17. Summary 


Radiotherapy for cancer usually involves giving 25 to 40 individual dose fractions of about 2 
Gy once daily, over a period of 5 to 8 weeks. These treatment schedules have been developed 
empirically and show a better therapeutic ratio than single doses because they give greater 
tumour control at tolerable levels of normal tissue damage. Improvements in therapeutic ratio 
have also been associated with the introduction of conformal and intensity modulated 
radiotherapy because these have allowed decreased normal tissue dose (and, hence, side 
effects) with dose escalation to tumour tissues. Other radiotherapy technologies that have 
been developed in order to improve the therapeutic ratio through physical means for some 
types of tumours include brachytherapy, conformal low-LET radiotherapy techniques, and 
high-LET irradiation., Studies with cells in culture and with animal models have identified 
biological factors (the “five Rs”) that can influence response to fractionated treatment and 
hence may impact therapeutic ratio. These are radiosensitivity, repair of radiation damage, 
repopulation of damaged tissues by proliferation of surviving cells, redistribution of 
proliferating cells through the cell cycle, and reoxygenation of hypoxic cells. Repair and 
repopulation are the reasons why cells and tissues can tolerate a larger total dose when it is 
fractionated. They occur both in tumours and normal tissues, although repopulation has a 
minor effect on the late radiation damage that occurs in slowly proliferating normal tissues 
and is often dose limiting. Repopulation by tumour cells during the latter part of conventional 
(5- to 7-week) fractionated treatments may play an important role in increasing the dose 
required for tumour control. Reoxygenation in tumours contributes to the improved 
therapeutic ratio obtained with fractionated treatment. Both tumour and normal tissue 
responses to irradiation are complex. Radiation can kill individual tumour and normal cells 
directly and this can be expressed as mitosis-linked cell death or, in a few tissues, as early 
apoptosis. Particularly in normal tissues, there are also indirect effects, such as the induction 
of cytokines, which can influence early and late tissue effects. An example is the role of TGF-
β in radiation-induced fibrosis. Tumour control requires the killing of all the tumour stem 
cells but there is heterogeneity in cellular radiosensitivity in tumours due to 
microenvironmental factors such as hypoxia and possibly also due to the development of 
resistant subpopulations as a result of genetic instability. In clinical radiotherapy, different 
fractionated schedules that give an equal level of normal tissue response or tumour control 
can be expressed in the form of an iso-effect relationship described by the parameters α and β 
of the linear-quadratic model. Late-responding tissues tend to have smaller α/β values than 
early-responding tissues, implying greater capacity for repair of damage that leads to late 
effects. The difference in the iso-effect relationships for early and late damage implies that 
reducing fraction size will reduce damage to late-responding tissues to a greater extent than to 
early-responding tissues or tumours. A therapeutic gain might therefore be achieved by using 
hyperfractionation, where treatment with smaller dose fractions is given several times per day. 
If this also reduces overall treatment time, this might also lead to a therapeutic gain if 
repopulation occurs more rapidly in the tumours than in the dose-limiting normal tissues. 
Other approaches to improving the therapeutic ratio have included attempts to reduce the 
resistance due to hypoxic cells in tumours, such as strategies to increase oxygen delivery to 
these cells or giving drugs capable of specific sensitization (and toxicity for) hypoxic cells, 
and predictive tests which are under further development. 
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SUGGESTED PRACTICALS/TUTORIALS: 


(a) DNA Laboratory techniques. Practical demonstrations of some of the techniques from 


the above lectures e.g. comet assay, micronuclei, flow cytometry (DNA analysis), gel 


electrophoresis. 
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(b) Survival curves in practice. Practical session on the shapes of survival curves, and their 
importance in various clinical scenarios. 


(c) Analysis of scoring of normal tissue damage. LENT/SOMA vs RTOG/EORTC scoring 
systems HNSCC, Cervix Ca 


(d) LQ model: BED, LQED; α/β ratio values 


 Fractionation calculations in practice 


 Physical dose distribution and biological response distribution  


 Combined brachy/teletherapy treatments; compensations for interruptions in treatment 


 Importance of treating all fields per day 


 Influence of radiation source decay with respect to repair half-time and dose 
effectiveness 


 Clinical impact of errors in dose delivery  


(e) Critical reading of literature 
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4. EXTRA MODULE FOR RADIATION PROTECTION PERSONNEL  


4.1. Introduction 


The aim of Radiation Protection is to establish an appropriate level of protection for people 
and the environment against detrimental effects of radiation exposure without unduly limiting 
the desirable human actions that may be associated with such exposure. The first aim of 
radiation protection is to keep doses below the threshold value for tissue or organ reactions. 
These reactions are similar to the early and late side effects (morbidity) of radiotherapy in 
cancer patients, which occur only after high radiation doses and which show an increased 
severity with increasing radiation dose. They are not observed below a certain threshold dose. 
In the context of radiation protection these effects were previously called “deterministic 
radiation effects”. 


The main risks that radiation protection is concerned with are radiation-induced cancer and 
leukaemia, radiation-induced heritable damage and radiation-induced developmental damage 
to the developing embryo and foetus. The severity of both radiation-induced cancer and 
radiation-induced heritable diseases does not depend on radiation dose, but their frequency 
increases with increasing radiation dose. They are commonly called “stochastic radiation 
effects”. Recent epidemiological and radiobiological data do, however, blur the clear 
distinction between both types of effects which are dealt with in a radiation protection 
context. 


4.2. Radiation accidents and environmental radiation exposure 


Accidents have happened infrequently in the history of radiology and nuclear research, and 
usually they have involved only small numbers of people. From those accidents, much has 
been learned about the health consequences and the appropriate medical management of 
radiation accidents. The Chernobyl accident in 1986 posed the greatest challenge to all 
radiation protection personnel involved in radiation accident management. The value of the 
experience gathered in previous accidents was shown after this event, and much more has 
been learned to be used in more recent accidents which involved even larger numbers of 
people such as in Brazil (abandoned radioactive source in Goiania), or which cause more 
severe bodily harm such as in Tokai-Mura, Japan. 


4.2.1. Dose estimation 


Radiation risks depend, above all, on the radiation dose received by the affected person(s). 
The risk increases with increasing radiation dose. Therefore, estimates of radiation risks have 
to be based on the careful evaluation of the individual radiation dose and the dose distribution 
in the body. Radiation exposure may come from external irradiation usually with γ-rays from 
radionuclides which may be natural or man-made, or it may come from internal irradiation, 
mostly with β-rays emitted by radionuclides from natural or man-made sources. It is in 
particular from naturally occurring radionuclides that also α-particles may be a problem in 
radiation protection from internal exposure. 


External radiation doses of occupationally exposed people, i.e. radiation workers, are 
routinely measured with personal dosemeters which are usually either based on film 
dosimetry or thermoluminescent (TLD) dosemeters. These dosemeters are designed to 
measure the accumulated exposure over a period of usually one month at the body site where 
the dosemeter is worn but they also permit the measurement of the energy and penetration of 
the ionising radiation. Readings may be unreliable if exposure is very inhomogeneous. In 


120







 


order not to underestimate radiation exposure it is important that the dosemeters are worn at a 
suitable site of the body, usually the chest. Internal contamination of radiation workers is most 
often investigated by measuring the particular radionuclides in the urine. 


Whereas the determination of radiation doses of radiation workers is straightforward and 
follows a routine procedure, the determination of radiation doses in accident situations is 
much more complex and has to be especially designed to meet the individual scenarios. 
Retrospective determination of external and internal radiation doses after an accident has to be 
based on various measurements which then need to be fed into a complex model which takes 
account of the time-dependent changes of radioactive decay, transport of radioactivity in the 
environment and transfer in the human body.  


Prospective determination of external and internal radiation doses are needed to define the 
permitted releases of radioactivity from planned nuclear installations during normal operation 
and, more importantly, to estimate the potential radiation exposures of the population during 
accidents as the basis for decisions on required countermeasures. These estimates are entirely 
based on model calculations which use several models in sequence: (1) the transport of 
radionuclides from the source (i.e. the site of the accident to the site of the population to be 
considered) is calculated using a metereological model of transport of the aerosols to which 
radionuclides are attached and their deposition (either dry (fall-out) or wet (wash-out)) to the 
ground. These models are based on metereological data and experiments and may be quite 
detailed including e.g. translocation of deposited radionuclides by rainfall into the sewer 
system or resuspension of radionuclides attached to dust. The radionuclides deposited on the 
ground lead to external irradiation with γ-rays (which often is the most important contribution 
to the total dose), or to internal irradiation through direct contamination of food; (2) the 
transfer of radionuclides deposited on the ground or in water (lakes or rivers) is determined 
with the use of radioecological models which describe the changes of activity concentration 
from one compartment to the next, e.g. from ground surface to plant roots, from there to the 
edible parts of the plants and from there to the actual food. The calculation of radiation doses 
requires also knowledge or estimates of food intake (how much and when); (3) the 
distribution of radioactivity which has been incorporated by eating (ingestion) or breathing 
(inhalation) is determined with the biokinetic model which relates the uptake with a dose 
factor which defines the committed dose per Bq incorporated radionuclide in the different 
organs of the body. 


The determination of external radiation exposure immediately after accidental releases of 
radionuclides usually is relatively straightforward, and often can be performed on the basis of 
direct measurements, e.g. the dose rate at 1 m height above the ground from radionuclides 
deposited on the ground. On the other hand, the determination of internal radiation exposure 
usually requires many measurements in the food chain and complex modelling.   


Retrospective dose estimation has to be performed for past exposures in order to estimate 
radiation risks. This has been done, e.g. for A-bomb survivors (see below), for populations 
exposed from the Chernobyl accident, for populations exposed in Siberia from the radioactive 
pollution of the Techa River, and from contamination of large areas from nuclear weapons 
test, e.g. in the Marshall Islands and near the Semipalatinsk test site. The radioecological 
methods have been developed in major international cooperative research projects and have 
reached a high degree of reliability. However, there is often the need to determine individual 
radiation doses which can best be performed by biological dosimetry techniques, e.g. in the 
liquidators after the Chernobyl accident. The best and most widely employed methods uses 
the assessment of unstable or stable chromosome aberrations.  
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The determination of radiation dose from accidental exposure in the first few weeks after the 
accident is commonly done by a combination of physical reconstruction of exposure scenarios 
and calculation of organ doses and total body doses as well as by biological dosimetry. The 
preferred method of biological dosimetry which has proven its value in many accidents is the 
determination of the frequency of unstable chromosome aberrations in stimulated blood 
lymphocytes. The method has been well standardised: phytohaemagglutinin is added to 5 – 10 
ml heparinised blood to stimulate resting lymphocytes into proliferation. After incubation for 
48 hours at 37 C, cells entering mitosis are arrested in metaphase by adding colchicine. It is 
important to arrest cells in their first mitosis since many of the severe chromosome 
aberrations which are used as “dosemeters” are eliminated in the first cell division. As a 
general rule, the number of dicentric chromosomes is counted in 500 arrested metaphases. If 
there are 25 dicentrics among 500 metaphases, a total body dose of 0.3 Gy can be assumed. 
After a dose of 3 Gy, there is, on average, one dicentric chromosome to be found in each 
metaphase. After homogeneous total body irradiation, the number of dicentric chromosomes 
per cell follows a Poisson distribution. Marked deviations from a Poisson distribution are an 
indicator of very inhomogeneous dose distribution which may have consequences for the 
prognosis. 


The determination of radiation doses from accidental exposures many months and years after 
irradiation is based on the measurement of stable chromosome aberrations, such as balanced 
translocations which can be visualised using fluorescence in situ hybridisation (FISH). 
Biological dosimetry based on cytogenetics requires time-consuming investigations by highly 
trained staff, and thus can usually not be performed on large numbers of accident victims. For 
this reasons, alternative methods which can be automated to some degree such as micronuclei 
in peripheral lymphocytes and glycophorin A (GPA) mutations in erythrocytes have been 
developed and used, e.g. in clean-up workers and affected populations of the Chernobyl 
accident. However, they have not found the same degree of general acceptance.  


4.3. Diagnosis and medical management of radiation syndromes 


4.3.1. LD-50 (Lethal dose 50) 


The dramatic experience of the deaths and long term morbidity of thousands of people in 
Hiroshima and Nagasaki and the prospect of a nuclear war, initiated in the 1950s a large scale 
research programme into the acute radiation lethality of a wide range of mammalian animals 
ranging from mice to large animals such as goats and dogs. The death rates and the latency to 
death after different radiation doses given to the whole body were determined in laboratories 
around the world. The experiments with total body irradiation of mice in particular defined 
our understanding of the causes of death and of the lethal radiation doses. Lethality increased 
with increasing dose following a sigmoid dose response curve. Usually, radiosensitivity was 
defined in the steepest part of the dose response curve as the dose resulting in lethality in 50% 
of subjects (LD50) in a specified period after radiation exposure, most commonly in 30 days. 
Significant differences in the LD50/30 were found between different animals, there was a 
trend for decreasing LD50/30 with increasing body mass. Whereas in mice, the LD50/30 
usually is about 7 Gy, in some large animals it is as small as 3 Gy.  


From the experience of some radiation accidents and of some groups of atom bomb victims 
who did not suffer from extensive burns or wounds but still had received high radiation doses, 
the LD50 of humans within 60 days was estimated to be between 3 Gy and 4.5 Gy. However, 
gradually it has become clear that the lethality after total body irradiation depends more on 
factors such as co-morbidity and the quality of medical care than simply on radiation dose. An 
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ad-hoc committee of the Medical Research Council of the United Kingdom consequently 
dismissed the value of the concept of LD50 for man and rather defined three dose ranges with 
different prognosis: survival very likely, survival possible with adequate medical care, 
survival unlikely despite adequate medical care. For these prognostic categories, doses of ≤ 2 
Gy, 2-8 Gy, ≥8 Gy were estimated. 


4.3.2. Radiation syndromes 


The experiments in mice demonstrated that there was a strong dependence of the latency to 
death on radiation dose: increasing the dose from 5 to 12 Gy, the survival time gradually 
decreased from about 2-3 weeks to about 4 days. Further increase of total body dose up to >30 
Gy did not lead to further shortening of the latency to death in mice, however, even higher 
doses caused death within a few days and very high doses, even within hours. Three different 
radiation syndromes were associated with these three categories based on the latency to death: 
the haemopoietic syndrome after doses < 12 Gy, the gastrointestinal syndrome after doses of 
12 to 30 Gy, and the cerebrovascular syndrome after even higher doses. The different 
latencies of the haemopoietic and the gastrointestinal syndrome were explained by the 
different cell turnover rates of the critical cell lineages in the tissues in which severe lethal 
hypoplasia occurred lead to death of the animal, i.e. the granulocyte cell production lineage in 
the bone marrow and the epithelial mucosal cell lineage in the small bowel. Death in the 
haemopoietic or bone marrow syndrome was associated with septic infection due to 
agranulocytosis, death in the gastrointestinal syndrome was associated with complete 
denudation of the small bowel surface leading to profuse diarrhoea and hypovolumic shock. 


Since the 1970s, few additional experimental studies on radiation syndromes have been 
performed – although extensive research using similar methods has been directed at the 
development of total body irradiation with subsequent stem cell transfusion in the treatment 
of leukaemia and some other malignant diseases. Some results of this research certainly had 
also been used in the further refinement of treatment protocols of affected accident victims, 
yet the overall classification remained largely as first proposed by Bond et al. in 1965, nearly 
fifty years ago. However, the present understanding of the nature and the pathogenetic 
development of human radiation injury after whole body irradiation is less based on old 
animal experiments in mice and dogs but rather on careful clinical evaluation of human 
accident victims, from the Oak Ridge accident in 1958 to the Chernobyl disaster in 1986 and 
the Tokai-Mura accident in 1999. It became apparent that the simple classification of 
radiation syndromes based on latency and critical cell lineages is not appropriate to describe 
the complexity of the clinical features of human accident victims. In 2001, a manual of 
MEdical TREatment ProtocOLs METREPOL was published by a European consortium of 
expert scientists, as the results of a comprehensive evaluation of all existing data on radiation 
accident victims (referenced in Chapter 1).   


4.3.3. Medical management of radiation accidents 


The METREPOL system of radiation accident management defined response criteria for four 
separate organ systems each of which is involved together in the development of signs and 
symptoms of health damage after accidental radiation exposure. However, depending on the 
special accident scenarios, in different accidents each one may take the leading role in 
defining symptoms and may need special attention for medical management. These four organ 
systems are the neurovascular system, the haematopoietic system, the cutaneous system, and 
the gastrointestinal system. The basic idea behind this concept is to unravel the complexity of 
the acute radiation syndrome. The first step is to divide it into more accessible elements, i.e. 


123







those clinical signs and symptoms that characterise the extent of damage to the four early 
reacting organ systems under concern (N, H, C, G) and defining their severity in four grades 
(mild = spontaneous recovery certain; moderate = recovery with possible deficit; severe = 
recovery possible with intensive medical care but probable deficit; fatal). 


4.3.3.1. The neurovascular syndrome (N) 


Irradiation may cause both cerebrovascular disorders and nervous tissue injury. Although 
electrophysiological studies after total body irradiation with doses >6Gy have demonstrated 
significant changes at the synaptic level in brain tissue consistent with a state of increased 
brain excitability, the clinical symptoms are most likely linked to cerebral oedema with an 
increase in intracranial pressure. Along with early oedema, acute inflammatory reactions 
occur as well as decrease of the blood-brain barrier. The onset and duration of the different 
phases of the neurovascular syndrome depend on radiation dose. Symptoms such as nausea, 
vomiting and anorexia characterise the prodromal phase. Although the symptoms are 
expressed by the gastrointestinal system, the control site is located in the brain. After high 
radiation doses, the severity of symptoms gradually increases and results in a fatigue 
syndrome, associated often by hypotension and dizziness. With increasing severity of the 
neurovascular syndrom, survivors have a high risk of developing late effects, in particular 
impairment of cognitive functions and neurological deficits. Grade N1 is defined by late onset 
of mild prodromal symptoms and symptoms of mild fatigue which may persist for several 
weeks. Anti-emetic treatment on an outpatient basis is usually sufficient. N2 is defined by 
episodes of vomiting in the prodromal phase and moderate fatigue lasting several weeks. 
These patients need anti-emetic treatment and regular clinical monitoring in hospitals. N3 is 
defined by severe nausea and vomiting within the first hour after exposure lasting for about 2 
days. Symptoms recur after a symptom-free interval and persist for about 2 weeks, leading to 
electrolyte imbalance. Patients also suffer from headaches and severe fatigue syndrome, 
hypotension and fever. Hospitalization of these patients is obligatory, medical management 
has to include intravenous glucocorticoids, electrolyte and fluid replacement and analgesics. 
N4 is characterised by rapid incapacitation by severe nausea, vomiting, headaches, fever, 
erythema and drowsiness within the first hour after exposure. Recovery is unlikely and mostly 
primary symptoms continue intermittently. Only sufficient fluid and electrolyte replacement, 
analgesic medication and the application of intravenous glucocorticoids and mannitol infusion 
to reduce intracranial pressure, will increase the patient´s chance of survival. 


4.3.3.2. The haematopoietic syndrome (H) 


Signs and symptoms of the haematopoietic syndrome are directly related to reduction of 
concentration of specific cells types in the blood. Radiation-induced cytopenia is strongly 
related to dose. The impact of acute radiation exposure on the physiology of normal 
haematopoiesis and the balance of cell production in the bone marrow and cell loss after the 
cell lineage specific life span has been thoroughly investigated after exposure in humans and 
animals. Radiation does not decrease life span or function of blood cells but it blocks in a 
dose dependent way the production of new cells. 


Normal human erythrocytes have a life span of about 120 days. Therefore, even after 
complete cessation of all erythropoiesis, the decline of red blood cell concentration is less 
than 1% per day and anaemia is not a clinical problem unless there is additional damage 
which causes increased loss such as haemorrhage from wounds or thrombopenia, or 
haemolysis which is frequently observed after severe burns. Radiation damage to 
erythropoiesis can be monitored by measuring the concentration of reticulocytes in the blood. 
Granulocytopenia is the main cause of critical health effects after total body irradiation 
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leading to increased risk of systemic bacterial infections (sepsis). Granulopoietic cells 
originate from bone marrow stem cells which undergo proliferation and differentiation into 
the mature granulocytes of the peripheral blood. The transit time for cells from the myeloblast 
to the first non-dividing cell, the metamyelocyte in the bone marrow is about 6 days, and 
another 3–4 days are required. Granulocytes disappear from the blood randomly with a half 
time of 6-7 hours. Their overall life span is approximately 30 hours. Thrombocytes (also 
called platelets) are produced by megakaryocytes. The total transit time from the most 
immature megakaryocytes in the bone marrow to the release of platelets is 8-10 days, and the 
life span of platelets in the blood is on average 8-10 days.   


The radiation-induced cytopenia of the blood cells is the consequence of inhibition of cell 
production in the proliferative precursor cells. Regeneration, however, depends on the 
survival of a sufficient number of bone marrow stem cells. Stem cells in the circulation can be 
assessed by characteristic surface markers. However, grading of the haematopoietic 
syndromes is based on the response patterns of blood cells as described in Figure 1 (see 
Fliedner reference, page 24). H1 is defined as cell counts at just below the lower end of the 
normal range, and no specific treatment is necessary because spontaneous regeneration will 
occur. H2 is defined as a lymphocyte count on day 2 of between 500 and 1500 / μl, by 
transient granulocytosis within the first few days, followed by a decrease to the lower end of 
the normal level until day 10, followed by a second, abortive  rise. Then the clinically 
important granulocytopenia occurs between days 12 and 20 with a value < 1000 granulocytes 
/ μl which may result in general infection in some patients. Regeneration starts after day 30. 
Platelets decrease gradually during the first three weeks to a value around 50,000/μl which, in 
some patients may cause haemorrhage, particularly into the bowels. Only those patients who 
develop infection or haemorrhage need to be treated with antibiotics or platelet transfusion. 
H3 is defined by a rapid decrease of lymphocytes to 250-500/μl and by transient 
granulocytosis during days 1-3. This is followed after day 5 by a steady decrease to a plateau 
of about 500/μl around days 10–15 with regeneration starting around day 30. Platelets 
decrease steadily to a nadir in the third week which may be well below 50,000/μl. Treatment 
options are similar as for H2 patients, however, stimulation of haematopoiesis with growth 
factors should be considered as soon as possible. Platelet tranfusions should be given to 
maintain stable values in the blood of >20,000/μl. Treatment with granulocyte colony 
stimulating factor (G-CSF) is commonly performed in medical oncology to treat drug-induced 
cytopenia with daily subcutaneous injection of 10μg/kg for 2 weeks. Based on experimental 
data, an addition of a single intravenous injection of 5μg/kg thrombopoietin may increase the 
effectiveness of growth factor treatment. A clinical response of growth factor treatment 
should be apparent 10 – 14 days after initiation of treatment, and prolonged treatment is not 
indicated. H4 is defined by very rapid decrease of all blood cells to very low values; 
lymphocytes to < 250/μl on day 2, granulocytes to < 500/μl at the end of the first week after 
exposure, and platelets to 0 at day 10. The only real option for therapeutic intervention into an 
otherwise lethal progress of the haematopoietic syndrome H4 is stem cell transplantation. The 
procedure of stem cell transplantation is presently used most frequently for the treatment of 
leukaemias. If no HLA (human leukocyte antigen) identical sibling is available, the best 
option might be umbilical cord blood stem cells. 


4.3.3.3. The cutaneous syndrome (C) 


The experience from the Chernobyl accident showed for the first time that radiation damage 
to the skin from beta particles emitted by radionuclides deposited on the skin could be a major 
clinical problem, and in the special case of the firefighters of Chernobyl might have been the 
main cause of death from grade 4 cutaneous syndrome. Signs and symptoms of the cutaneous 
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syndrome are the consequence of radiation damage to the proliferating and the stem cells in 
the epidermis and a pronounced inflammatory response in the dermis. They follow a distinct 
time pattern which is determined by the proliferative organisation of the epidermis.  


C1 is defined by an early transient erythema (reddening) of the skin which subsides within 36 
hours. A second wave of erythema appears 5 days after exposure, 3 to 4 weeks after exposure 
the skin will appear dry due to the loss of sebaceous glands. This may be associated with mild 
pain, discomfort and itching. Treatment is symptomatic with anti-inflammatory lotions or 
powder. C2 is defined by erythema progressing to oedema and blistering 5 to 10 days after 
exposure, covering no more than 10% of the body surface. Transient loss of hair may develop 
at around 14 days after exposure. Treatment with topical glucocorticoids, linoleic acid creams 
and systemic antihistamines is usually required. C3 is defined by the same signs and 
symptoms but covering 10 to 40% of the body surface. There is a risk of deeper ulceration 
which is influenced and complicated by the concomitant haematopoietic syndrome. Systemic 
treatment with glucocorticoids and analgesics should be used. C4 is defined by the same signs 
and symptoms but covering >40% of the body surface and involving deeper underlying 
tissues of the skin and subcutis. Intensive care treatment is essential to deal with the multitude 
of symptoms such as pain, infection, and necrosis, but even if the patient survives, long term 
skin damage is likely to persist. 


4.3.3.4. The gastrointestinal syndrome (G) 


Symptoms related to the gastrointestinal radiation syndrome are the prodromal symptoms 
which are secondary to the neurovascular changes describe above, such as nausea, vomiting 
and anorexia. Symptoms in the manifest gastrointestinal syndrome, which usually starts in the 
second week after radiation exposure, are mainly abdominal cramps and diarrhoea. After high 
radiation doses, the loss of the mucosal covering of the bowels, which if associated with 
thrombocytopenia, may also lead to bloody diarrhoea and to entry of enteric pathogenic and 
non-pathogenic bacteria. Since cell turnover is fastest in the small bowel, the signs and 
symptoms of radiation damage occur earlier in the small bowel than in the large bowel. 
Experimental studies have demonstrated that in addition to the damage to the proliferating 
mucosal cells, symptoms of the gastrointestinal syndrome are very much affected by 
functional changes in the neural and immune cells in the bowel wall. This is particularly 
obvious in the stomach in which, even after low doses of 1 to 2 Gy, functional changes such 
as decreased gastric motility, decreased production of gastric juice and inflammation 
(gastritis) have been observed.  


G1 is defined by a few episodes of altered stool consistency and frequency with associated 
abdominal pain. Treatment is usually not necessary. G2 is defined by changes in frequency 
and consistency and blood in stool together with abdominal cramps. Spontaneous recovery is 
certain however treatment of diarrhoea with Loperamide is indicated. G3 is defined by a 
higher frequency of these events, with several episodes per day over several days and weeks. 
Spontaneous recovery is likely but may be incomplete with recurring episodes of diarrhoea 
alternating with constipation. To prevent electrolyte imbalance, the individuals should be 
carefully monitored and replacement therapy given. In addition, antibiotics, anti-inflammatory 
drugs and analgesics may be necessary as indicated by the clinical symptoms. G4 is defined 
by rapid onset of diarrhoea which may be explosive. This is more due to functional 
disturbances than to mucosal damage. Frequent episodes of severe diarrhoea will lead to 
severe fluid and electrolyte imbalance and will be accompanied by severe painful abdominal 
cramps. Septicaemia is also very likely due to the simultaneously occurring granulocytopenia. 
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Treatment is purely symptomatic with the main emphasis on fluid and electrolyte 
replacement, systemic antibiotics and analgesics. 


This description of the signs and symptoms of the four radiation-induced acute syndromes, 
their diagnosis, classification into severity grades and their treatment is very brief and should 
only give an impression of the complexity of the pathogenesis, symptomatology and 
treatment options. The Manual on the Acute Radiation Syndrome prepared by the Concerted 
Action METREPOL under T.M. Fliedner gives a full account of all aspects of the medical 
management of radiation accidents (Fliedner et al., 2001). 


The Tokai-Mura accident in Japan in 1999 demonstrated that acute exposure to very high 
radiation doses leads to a new type of radiation syndrome which is well described by the term 
Multi-Organ Involvement. In Tokai-Mura, a criticality accident happened due to poor 
working practice when 3 workers poured uranium fuel from a bucket into a larger vessel 
where a critical mass was formed leading to non-uniform radiation exposure of the three 
workers with mean body doses in the lethal range. The haematological grading was H4. Bone 
marrow stem cell transplantation using umbilical cord cells in one patient led to transient 
restoration of haematopoiesis after 10 days which was complete after 50 days, yet the patient 
died 210 days after the accident. Failure of several organs was diagnosed. However, most 
critical was the nearly complete loss of immunological responsiveness leading to the 
activation of cytomegalovirus infection (which was successfully treated with gancyclovir). 
Reactivation of radiation burns of the skin and loss of mucosal barriers together with a 
multitude of other delayed damage finally caused the death of this patient despite the heroic 
effort to keep him alive at all cost.  


4.3.4. Methods of triage for treatment after a radiation accident 


In major accidents such as the Chernobyl accident, the decision on the need for treatment and 
prognosis of the individual accident victim cannot be based on dose estimates which are time 
consuming, uncertain and with little impact on the medical response. Rather, these decisions 
have to be based on clinical criteria which are simple, early and permit the reliable 
identification of accident victims who do not need special treatment. It is more important not 
to miss any victim who may need treatment than to identify only those who will certainly 
need treatment. Such criteria have been established for many decades and they proved their 
usefulness particularly in the acute aftermath of the Chernobyl accident, when the members of 
the rescue teams had to be assessed as to who would need which treatment and when (Table 
4.1). 


TABLE 4.1 TRIAGE CRITERIA USED AFTER THE CHERNOBYL ACCIDENT 


Severity  Vomiting  Lymphocytes Hair loss Cytogenetic  Lethality 


   time   day 3   within 2 radiation dose including 


      per μl  weeks    skin burns 


Mild   no   >600   no  < 2Gy  0/105 


Intermediate after 1-2 h  300-600  no  2 – 4 Gy  0/53 


Severe  after 30-60 min  100-300  yes  4 – 6 Gy  6/23 


Very severe immediate  <100   yes  6 – 16 Gy  19/22 
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4.4. Radiation carcinogenesis 


4.4.1. Mechanisms of carcinogenesis 


The development of cancer in tissues is assumed to be a multi-stage process that can be sub-
divided into four phases: neoplastic initiation, promotion, conversion and progression. These 
subdivisions are likely to be over-simplifications and, in different tissues, they may vary. Yet 
the subdivision into different phases provides a suitable framework for identification of the 
specific molecular and cellular changes involved. 


Neoplastic initiation leads to the irreversible potential of normal cells for neoplastic 
development by creating unlimited proliferative capacity. There is good evidence that this 
event results from one or more mutations in a single cell which is the basis of the clonal 
evolution of the cancer. Further neoplastic development of initiated cells depends on 
promotional events which involves intercellular communication, e.g. by growth factors, 
hormones or environmental agents. This results in the proliferation of the initiated pre-
neoplastic cells in a semi-autonomous manner. During the process of conversion of the pre-
neoplastic cells into fully malignant cells, additional mutations in other genes are 
accumulated, probably facilitated by increasing loss of genomic stability. The subsequent 
progression into an invasive cancer depends on still more mutations in the unstable genome.  


Two classes of cancer-associated genes have been identified. Proto-oncogenes are normal 
genes involved in growth regulation. Mutations e.g. by the translocation of a promoter, may 
result in an increased rate of proliferation. Proto-oncogene mutations to oncogenes are thus 
classified as gain-of-function mutations. Tumour suppressor genes are genes that are involved 
in growth regulation of normal cells and that prevent excessive cell proliferation. The critical 
mutation in these genes are loss-of-function mutations which may be the result of partial or 
complete loss of the gene structure, e.g. by deletions. Since radiation-induced DNA damage 
preferentially causes deletions, it is generally assumed that the inactivating mutation of 
tumour suppressor genes is the most probably mechanism of the induction of cancer by 
radiation. 


Since there is good evidence that many if not most cancers are the clonal descendants of a 
single neoplastic cell and, furthermore, that a single double strand break may, although with 
an extremely low probability, cause a deletion in a specific DNA sequence, e.g. of a tumour 
suppressor gene, it has been argued that, in principle, a single mutational event in a critical 
gene in a single target cell in vivo can create the potential for neoplastic development. Thus, a 
single radiation track traversing the nucleus of an appropriate target cell has a finite 
probability, albeit very small of generating the specific damage of DNA that results in the 
initiating mutation. This argument would strengthen the hypothesis that the risk of radiation 
induced cancer increases progressively with increasing dose with no threshold. 


Although these basic facts are generally accepted, the conclusion that they necessarily exclude 
the possibility of a dose threshold has been debated extensively. So far, no agreement has 
been reached about the role of the influence of a range of other biological mechanisms on the 
dependence of radiation-induced cancer rates on dose at very low doses such as are the object 
of radiation protection regulations. These mechanisms range from low-dose hypersensitivity 
which may eliminate specifically cells harbouring DNA damage after very low radiation 
doses and non-targeted radiation effects such as radiation-induced genomic instability, to 
effects related to intercellular communication including bystander effects and immunological 
surveillance mechanisms. The report of the Académie Nationale de Médicine in Paris stressed 
that “cell responses are based on a complex network of intra- and intercellular signalling, and 
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may be expressed in several ways, including the repair of damage, apoptosis, delayed death or 
prolonged quiescence of initiated cells. The modalities of the response are adapted to the 
context and vary according to the dose, fractionation, dose rate, LET, cellular redox state, cell 
status before irradiation, the presence of signals emitted from neighbouring cells and, 
possibly, of other toxic agents.” The respective roles of direct radiation-induced initiating, 
transforming mutations in normal target cells on the one hand, and of the complex 
mechanisms which may respond to those initial processes as listed above, continue to be the 
subject of continuing radiobiological research. This is done in the hope that better 
understanding of these processes may permit a science-based judgement on the existence or 
not of a dose threshold below which the risk of radiation-induced cancer is zero. ICRP 2007, 
§ 65 draws the conclusion from this controversy that biological and epidemiological 
information that would unambiguously verify the Linear Non-Threshold (LNT) model is 
unlikely to be forthcoming. “Because of this uncertainty … it is not appropriate … to 
calculate the hypothetical number of cases of cancer or heritable diseases that might be 
associated with very small radiation doses received by large numbers of people over very long 
periods of time.”  


4.4.2. Epidemiological evidence for radiation carcinogenesis 


The assessment of radiation risks in exposed populations can use either of two 
epidemiological methods which differ considerably in their workload, in the information they 
can provide and in their duration and costs. Cohort studies define, usually soon after 
exposure, a cohort of often many thousand people who were exposed to different radiation 
doses.  Individual or group doses have to be determined for all members of the study cohort. 
Health effects are subsequently collected as the cohort is ageing for as long as possible, 
ideally life-long. The best example of a cohort study of radiation effects is the Life Span 
Study (LSS) of the Japanese atomic bomb survivors. 


Case-control studies define patients, usually several hundred, who suffer from the disease to 
be investigated with regard to the role radiation exposure might have played in its causation. 
These patients are called “cases”. For each case, 1 to 5 patients are selected who have a 
different disease but matched as closely as possible to the individual case, e.g. with regard to 
age, sex, socioeconomic status. For each case and each control, a comprehensive exposure 
history is collected in a structured interview which includes information on radiation exposure 
but also on competing risk factors such as smoking but also occupation. In addition, various 
measurements may also have to be performed, e.g. of individual radiation exposure. The 
radiation risk is estimated by comparing the radiation doses of the cases with those of the 
controls. The best examples of case-control studies in radiation epidemiology are the radon-
in-homes studies. Cohort studies permit the evaluation of different risks from the same 
exposure such as cancer, cardiovascular diseases, stroke etc. in the Life Span Study. The 
identification of other risk factors is usually difficult and may require nested case-control 
studies. On the other hand, case-control studies permit the identification of different risk 
factors involved in the causation of the same disease.  


4.4.3. The A-bomb survivor Life-span Study, cancer mortality and cancer incidence 


The dramatic experience of the people of Hiroshima and Nagasaki in 1945 was the initiator 
for a proposal by the National Academy of Sciences of the USA to develop a programme for 
life-long follow-up of all A-bomb survivors. This programme, started in 1949 by the US 
Atomic Bomb Casualty Commission (ABCC) and, since 1975, continued by US-Japanese co-
operation in the Radiation Effects Research Foundation (RERF), is arguably the largest, most 
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comprehensive and most detailed epidemiological study ever performed – and it has been 
decided that even now, more than 60 years after exposure, follow-up will continue. The 
results of this study are the most important source of information on which the rules and 
regulations of radiation protection are based. No other epidemiological study has comparable 
influence. Animal experiments and in vitro studies may provide mechanistic information but 
the RERF studies are the “gold standard” against which all other epidemiological and 
radiobiological studies on the long term effects of radiations on man have to be judged. The 
reason for this outstanding role is that in this study a large normal and healthy population of 
all ages and both sexes who have been exposed to a wide range of radiation doses to all 
organs of the body. Most important, however, is that through a massive effort, the radiation 
doses to all critical organs of each member of the cohort has been individually assessed by 
various methods of retrospective dosimetry. 


The Life Span Study is comprised of 120,321 people including about 54,000 atomic bomb 
survivors who were within 2.5 km of the hypocentre at the time of bomb explosions and about 
40,000 survivors who were between 2.5 and 10 km of the hypocentre. The latter were selected 
by matching them to the cohort closer to the hypocentre which includes everybody who 
responded to the population census of 1950. In addition, about 26,580 individuals are 
included who were either temporarily not in Hiroshima or Nagasaki at the time of the bomb 
explosions or further away from the hypocentre than 10 km. On 1.1.1999, 52% of the study 
population was still alive, and this includes in particular >85% of the nearly 50,000 
individuals who were children or adolescents (<20 years of age) in August 1945. For >90% of 
the total study population, detailed information was collected by Japanese interviewers in the 
early 1950s on their exact location at the moment of bomb explosion, not only with regard to 
the place where they were but also whether they were in a house or outside, the exact 
structure of the house and the place and position inside the house to permit precise evaluation 
of shielding parameters. Whereas in the early dose assessments, data from test explosions 
with regard to kerma in free air were the basis of analysis grossly corrected for shielding in 
the houses, later analyses (called the DS86) were based on Monte Carlo calculations of track 
passage from the source in the exploding bomb through the air (particularly taking into 
account the pronounced attenuation of neutrons by the high humidity), through the building 
structures of the houses to the body of the individual, finally calculating mean organ doses for 
different critical organs. In 2002, a refined new dosimetric system (DS02) was published 
which also took into account the results of various measurements of the products of 
interaction of neutrons with materials such as bronze statues. With each new dosimetric 
system the contribution of neutrons to the total dose became less. However, differences 
between the DS86 and DS02 are small and have little influence on risk estimates. 


The most important and most significant long term health damage observed in the LSS of the 
A-bomb survivors is a dose dependent increased mortality from cancer. The latest analysis of 
the mortality pattern until 1997 was reported by Preston and colleagues in 2003. Among the 
44,771 deceased members of the life span cohort with detailed dosimetric information 
available, there were 9,335 deaths from solid cancers and 582 deaths from leukaemia. By 
analysing the relationship with radiation exposure, it was concluded that until 1997 
approximately 440 solid-cancer deaths (i.e. approximately 4%) and nearly 100 leukaemia 
deaths (i.e. approximately 15%) could be attributed to the radiation exposure from the bomb 
in 1945. Significant relationships with radiation exposure were found for the following types 
of malignant disease (in decreasing probability of cancer mortality): stomach, colon, lung, 
leukaemia, breast, oesophagus, bladder, ovary, liver. Since, at the time of the last evaluation 
of data, nearly 50% of the cohort were still alive, it is not possible to make well-founded 
statements on the life-time risk of dying from radiation-induced cancer for people who were 
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young at the time of exposure. The mortality data have the great advantage of nearly 100% 
coverage due to the unique “koseki” system of registration in Japan (the vital status data and 
other important information including death certificates of Japanese are held at the same place 
of registration wherever the individual lives and dies). However, these advantages may be 
outweighed by the greater precision of cancer diagnosis and the inclusion of non-fatal cancer 
diseases which are possible in epidemiological studies on cancer incidence. For this reason, 
cancer registries were established in 1957 and managed by RERF in Hiroshima city and 
Nagasaki prefecture. Since most cancer patients in Japan are treated in the large hospitals, few 
tumours are missed in this analysis. The RERF cohorts are routinely linked with the cancer 
registries to identify cohort members. However, study members who are treated for cancer 
outside the catchment areas of the cancer registries are not included in the analysis.  


In 1994 the first analysis of cancer incidence data between 1958 and 1987 was published. The 
recent publication of cancer incidence data 1958 to 1998 by Preston et al (2003) is the most 
comprehensive and detailed analysis of the late carcinogenic effects of atomic bomb radiation 
and will remain, for the foreseeable future, the gold standard of the assessment of cancer risks 
after irradiation. The number of cancer cases increased since the last analysis by 50% to 
17,448 cases of solid cancer over a period of forty years, nearly 90% of which were verified 
by histology, endoscopy or surgery. These data permit comprehensive evaluation of radiation 
risks for fatal and non-fatal malignancies and risks associated with histological types. More 
importantly, the number of cases was high enough to investigate in great detail temporal 
patterns, gender differences, birth cohort patterns and age at exposure patterns. The main 
results are briefly as follows. Of the 17,448 cancer cases observed in this study, 7,851 
occurred in individuals who had received a dose of > 0.005 Gy and thus were considered 
exposed. 853 of these, i.e.11% were attributable to the radiation exposure, but of the 645 
cancer observed in individuals exposed to more than 1 Gy, 307, i.e. 48% were attributable to 
radiation exposure. For a person aged 70 who was exposed to the radiations from the bomb at 
the age of 30, the excess relative risk (ERR) per Gy was 0.47 for all cancers combined. This 
ERR was 0.58 for females and thus much higher than for men, for whom it was 0.35. There 
was strong evidence for a linear increase of excess cancer incidence with increasing dose. 156 
of the estimated excess cancers occurred among individuals in the low to moderate dose range 
of 5 – 200 mGy. 


The large data basis of nearly 10,000 cancer cases in non-exposed study members permitted a 
thorough analysis of the dependence of age-specific cancer rates on birth cohort. These trends 
complicate the interpretation of the effects of age at exposure on the excess risk, particularly 
for the ERR (excess relative risk). This became particularly obvious in the analysis of time 
trends of breast cancer. The apparent strong dependence of the relative risk of radiation-
induced breast cancer in the Life Span Study turned out to be due nearly entirely to the birth 
cohort effect, since baseline breast cancer rates increased dramatically in more recent birth 
cohorts, yet excess absolute risk still showed a significant age-at-exposure effect. Similarly, 
the increase in excess relative risk of lung cancer with increasing age at exposure is largely a 
consequence of the large smoking-related birth cohort effect on lung cancer baseline rates. 
The major conclusions of the 2007 study on cancer incidence in the Life Span Study are that 
overall cancer incidence was well described by a no-threshold linear dose response 
relationship down to doses of < 0.2 Gy. The longer follow-up of the new study demonstrated 
that the oesophagus and the bladder are particular radiosensitive with regard to radiation-
induced cancer which has, however, already been taken into account adequately in the tissue 
weighting factors based on the older mortality data. The new recommendations of the 
International Commission on Radiological Protection (ICRP) in 2007 are based, for the first 
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time, on the cancer incidence data described above whereas until now, recommendations by 
ICRP were always based on cancer mortality data. 


4.4.4. The Chernobyl accident 


The Chernobyl accident in 1986 was the most severe accident in the civil use of nuclear 
energy, so far. It was caused by careless manipulation of safety systems in a nuclear power 
plant which lead to a core melt-down resulting in the release of a large proportion of 
accumulated fission products over a period of 10 days until the accident was brought under 
control. Many thousands of people were evacuated from the near-by town of Pripjat and more 
people were relocated later. The radioactive cloud changed direction several times during the 
long period of release and distributed radioactivity, in particular caesium and iodine all over 
Europe as far as England, Finland and also to Turkey. Several hundred acute emergency 
personnel were exposed when they worked to contain the accident e.g. by extinguishing the 
fire on the roof of the turbine hall which threatened to affect the adjacent other reactor 
building. The severity of exposure was determined using the triage criteria shown in table 1. 
The most severely affected were treated in Moscow, the others in Kiev. In some of the most 
severely affected, bone marrow transplantation was attempted but the benefit of this heroic 
treatment was not convincing. Of the 134 confirmed exposed emergency workers, 28 died in 
1986 from acute radiation syndrome, most of them having multi-organ involvement. There 
were particular problems posed by extensive radiation damage to the skin from smoke 
particles from the burning graphite which were loaded with beta-rays emitting radionuclides, 
and these became attached to the wet clothing of the fire-fighters.  


In the aftermath of the accident, many thousands of people who were spread all over the 
former Soviet Union, rescue workers, called liquidators, as well as relocated people who had 
lived in the contaminated regions close to the reactor, were concerned about possible health 
damage from the radiation they had been exposed to during and after the accident. It was 
impossible to set up a comprehensive research programme such as after the Hiroshima and 
Nagasaki bomb explosions which covered all affected people. However, several 
epidemiological studies have been initiated and continue to provide important information on 
health consequences which complement the information gathered from the Life Span Study, 
in particular the studies performed in the liquidator registers held in Russia, Estonia, Ukraine 
and Belarus. Even more important, however, is the comprehensive programme of monitoring 
and treating thyroid cancer in the general populations of Belarus and Ukraine. The results of 
these studies have been summarised recently by the World Health Organisation (WHO). 


Among the 192,000 Russian emergency workers under study, individual radiation doses have 
been determined for 72,000. The mean dose was approximately 0.1 Gy from external 
irradiation, and internal radiation doses are assumed not to contribute much to the total dose. 
There was no increase in overall or cancer specific mortality compared to the general 
population up to 1998, although more recent data point to a possible increase in the incidence 
rates of leukaemia. The latest estimate of WHO in 2006 suggested that 4.6% of all fatalities 
that occurred during 1 year after the accident can be attributed, either directly or indirectly, to 
radiation exposure associated diseases, among them 2.3% to radiation-induced cancer, 2% to 
cardiovascular diseases and 0.3% to radiation-induced leukaemia. The liquidator studies are 
certain to provide much important information in the future on radiation risks from low dose 
rate radiation exposure. 


The most important results of the studies on the populations exposed to radiation from the 
accident, however, concern the massive epidemic of thyroid cancer among the young which, 
until 2002, had affected nearly 5000 people who were under 17 in 1986. The data could be 
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well-fitted to a no-threshold linear dose response relationship with an eight-fold increase of 
risk after 1 Gy thyroid dose. The highest rate was in those who were children under 4 years of 
age at the time of the accident. In young adults, the risk may be lower by nearly one order of 
magnitude. More information is being collected in an on-going cohort study on >25,000 
subjects with individual dose estimates who are regularly screened for thyroid disease every 
two years. There is still considerable uncertainty on details of the shape of the dose response 
relationship at different ages, and in particular how long the increased risk of thyroid cancer 
will remain high and whether it may actually follow a relative risk model which would mean 
that the numbers might continue to increase until 2040. Therefore, it is imperative that these 
epidemiological studies which are unique in providing reliable estimates on the radiation risks 
posed by one of the most important fission products released also during normal operations of 
nuclear reactors in the most radiosensitive organ of the body, i.e. the thyroid of very young 
children.  Great effort went into the estimation of individual radiation doses to the thyroid in 
the children of Belarus and Ukraine. The most important contribution to those doses came 
from iodine-131 in milk from cows which were grazing on contaminated meadows. Several 
weeks after the accident, nearly 350,000 people were assessed for radioactivity in the neck 
region in order to estimate possible uptake of iodine-131 in the thyroids. From these point 
measurements of dose rate at the time, total thyroid dose can be estimated but only by making 
a range of assumptions on the kinetics of intake and the possible influence of thyroid blocking 
by stable iodine which has been distributed, although too late to have the expected effect. For 
those individuals who were not directly measured, estimates of thyroid doses were made 
based on radio-ecological models of iodine deposition, milk consumption etc, with individual 
factors being included in the calculations based on interviews and measurements of ground 
contamination of Cs. However, the deposition of caesium did not follow closely the 
deposition of iodine since maximal release took place at different times. Extensive studies 
have been performed on the uncertainties associated with the various methods of dose 
estimation, and the thyroid doses of those directly measured by external gamma-ray monitors 
appear to be more reliable than those derived using ecological methods, but still a relative 
standard deviation of a factor of 2 has to be assumed.   


Most of the thyroid cancers diagnosed in patients who had been exposed in childhood were 
papillary cancers. Extensive international pathology review programmes were established to 
validate each diagnosis. Moreover, a large programme to investigate molecular changes in 
those cancers to look for fingerprint mutations which would be specific for radiation-induced 
papillary cancer of the thyroid. The Chernobyl thyroid cancer cases provide a unique 
opportunity for such a study since >90% of cancers occurring in those born between 1980 and 
1986 were radiation-induced whereas < 10% of those occurring in those born after 1987 were 
radiation-induced. Yet, so far no convincing difference in the frequency of different molecular 
changes, in particular ret-PTC (rearranged in transformation/ Papillary Thyroid Carcinomas) 
translocations have been observed if data are corrected for age at diagnosis. The largest group 
of 741 patients with thyroid cancer who were children at the time of the accident was treated 
in Minsk. Most were treated by total thyroidectomy (426), the others by less radical surgery. 
464 received treatment with iodine-131 for residual cancer or distant metastases. Recurrences 
were diagnosed in 27% of the cases. So far, few of the patients died from thyroid cancer or 
treatment related complications, the overall prognosis of these people who are young adults 
now, appears good.  


4.4.5. Patients treated for benign diseases  


Up to the 1960s, more patients were treated with radiotherapy for non-cancer diseases than for 
cancer. The most successful indications were painful degenerative joint disorders such as 
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osteoarthritis, frozen shoulder, tennis elbow, autoimmune diseases such as ankylosing 
spondylitis, Dupuytren contracture, endocrine orbitopathy related to hyperthyroidism, and 
bacterial infections such as mastitis or sweat gland abscesses. Radiation doses were only less 
than 10 % of the doses typically given to treat cancer, and results were usually fast and 
persistent. Most of these treatments are regarded as obsolete today, mainly because 
pharmacological treatment options are available which are more convenient to doctor and 
patient and, more importantly, since it became increasingly obvious that some of these 
treatments were associated with a significantly increased risk of later induction of leukaemia 
and cancer. 


Court-Brown and Doll in 1957 analysed the mortality of 14,554 patients who had been 
irradiated for ankylosing spondylitis between 1935 and 1954 at any one of 87 radiotherapy 
centres in Great Britain and Northern Ireland. Among the 1,582 recorded deaths, the most 
striking finding was a tenfold increase in death from leukaemia, 52 patients, compared to the 
5 who had to be expected in these patients by comparison with the general population. This 
excess occurred from the first years up to about 15 years after irradiation. Later follow-up 
studies confirmed these conclusions. Besides the Life Span Study of the Japanese atomic 
bomb survivors, this study remains the most important source of information about radiation-
induced leukaemia. In a later study irradiated patients were compared to ankylosing 
spondylitis patients who were managed conservatively without radiotherapy and the radiation 
risk estimates were confirmed. An increased risk of leukaemia has also been found in 
epidemiological studies of other groups of patients treated with radiotherapy for benign 
diseases such as nearly 10,000 women treated between 1925 and 1965 with intrauterine 
radium or external X rays for bleeding from the uterus compared to women with comparable 
clinical diagnosis but not irradiated (64 leukaemia deaths compared to 37 expected deaths). 
Other patients found to have a twofold increased leukaemia risk were treated for peptic ulcer 
or tinea capitis. In contrast to most other radiation-induced malignancies, radiation-induced 
leukaemia may become manifest already after a few years, however risk remains increased for 
at least 25 years after irradiation. The maximum risk depends on the age at irradiation. 
Children are more sensitive by about a factor of two and have a shorter latency time than 
adults. The latency of the different leukaemia subtypes shows significant differences with 
chronic myeloid leukaemia (CML) having the shortest mean latency of approximately five 
years.  


Post-partum mastitis has been one of the most successful indications for low-dose 
radiotherapy in the past. If irradiated in its early stages, one or two 0.5 Gy fractions would 
abolish the inflammation within a day or two, no abscess would develop, no antibiotics or 
surgery would be required and breast feeding could be resumed quickly. Yet in most 
countries, this indication for radiotherapy has been completely abandoned as the extraordinary 
radiosensitivity of the breast of young women with regard to cancer induction became 
apparent. The most important evidence for this comes from the epidemiological analysis of 
just these patients. Shore et al studied 601 American women who had been irradiated between 
1940 and 1957 for acute post-partum mastitis with doses ranging from 0.6 to 11.5 Gy, the 
median dose being approximately 3.5 Gy which is very much higher than doses that had been 
given in central Europe for this condition. After a mean follow-up of 30 years, they observed 
56 women with breast cancer whereas according to the observation in the patients’ sisters, 
only 32 would have been expected. The dose response curve, however, was indicative of a 
proportional increase of cancer risk with dose. Mattson et al. studied 1216 Swedish women 
who between 1925 and 1954 received radiotherapy for acute or chronic mastitis or for 
fibroadenomatosis with doses ranging from <1 cGy to 50 Gy, the mean dose being 5.8 Gy. 
They were compared with 1874 women of similar age who had the same diagnosis but were 
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not irradiated. 198 irradiated women developed breast cancer compared with 101 unirradiated 
women, and the standard incidence ratio was 3.3. The incidence rate ratio decreased starting 
after about 25 years but was still increased 40 years after irradiation. 1182 breasts received 
<2Gy and developed 35 breast cancers - this was not a significant increase but there was a 
clear dose response relationship within this group of patients. Even irradiation of very young 
girls, in particular for haemiangioma, increases the risk of developing breast cancer later in 
life. There was a linear dose response relationship, and 12 % of all breast cancers (8 cases) in 
this group were attributable to irradiation.  


4.4.6. Radon exposure of hard rock miners or in homes 


The publication of a report in 1879 on lung disease among the miners in Schneeberg in 
Saxony was a milestone in the history of occupational medicine. The report was written by a 
young doctor and a mining engineer who were working in a small town in the ore mountains 
(Erzgebirge) in Eastern Germany where silver and semi-precious metal such as cobalt and 
bismuth had been mined since the Middle Ages. It had been known for centuries that the 
miners there tended to die early from a lung disease called the “Schneeberg mountain illness”. 
By careful medical observation, thorough post-mortem examination, comprehensive study of 
conditions in the mines and the development of improved working conditions, Härting and 
Hesse in 1879 showed that (1) the mountain illness was “lymphosarcoma” of the lung, today 
called small cell lung cancer, (2) only miners working underground developed the disease, 
usually after about 20 years working underground, (3) every miner who did not die 
prematurely from other diseases or accidents, died from lung cancer, (4) the induction of lung 
cancer in the mines is related to the exposure of the lung to toxic substances in the dusty air in 
the mines which contained e.g. arsenic, (5) cleaning the air by the introduction of wet drilling 
and forced ventilation reduced the lung cancer rate significantly within 10 years. This was the 
first study to describe the carcinogenic effects of radiation, but published more than 15 years 
before the detection of radioactivity by Becquerel in 1896. 


The disease was soon ascribed to the exposure of the miners to radon, but only in the 1950s 
was it recognised that the cause of radon-induced lung cancer were the radioactive decay 
products of the radon gas which are heavy metal atoms such as lead and bismuth, and which 
attach to aerosols in the mine air and are inhaled and deposited on the bronchial epithelium 
causing irradiation of the epithelial stem cells with α-particles. Nearly 100 years after the first 
description of lung cancer among miners, several large cohort studies of uranium miners, 
from the USA (Colorado Plateau), Czech Republic (Jachymov, close to Schneeberg) in 
particular, confirmed the findings in Schneeberg. Radon progeny potential alpha energy 
exposure was defined as the product of radon concentration corrected for the decay product 
equilibrium in the mine and exposure time. This measure of exposure was given the name 
working level months (WLM). Based on detailed modelling investigations which also took 
into account the size distribution of the aerosols which determines the site of aerosol 
deposition, radiation doses in Gy have been calculated from these data. With increasing 
radiation dose a proportional increase of the risk of lung cancer has been determined. 
Contrary to the old data from Schneeberg which reported the effects of extremely high radon 
concentrations, all types of lung cancer have been found to be increased in the uranium miner 
studies although small cell lung cancer showed the highest risk factor. The most important 
finding was, however, that there is a clear supra-additive interaction between exposure to 
radon and cigarette smoking. This increased risk of lung cancer from radon has also been 
found in other hard rock mines with increased radon concentration and is probably an 
occupational hazard e.g. in tunnel builders etc. Yet, the most important conclusion form these 
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studies is the possibility of lung cancer risk for the general population from exposure to radon 
and its decay products in houses.  


Extensive measuring programmes have demonstrated that radon concentrations vary by orders 
of magnitude between houses in the same country and, in some parts with special geological 
features, radon concentrations can reach values which genuinely cause concern. For this 
reason, in several European countries and in China large case cohort studies on the 
contribution of radon exposure to the lung cancer risk have been performed. In the German 
study which is the largest single study (Wichmann et al. 2005), nearly 3000 cases of lung 
cancer and 4,200 controls were investigated. In addition to a comprehensive interrogation by a 
structured questionnaire about demographic characteristics, residence history, life-time active 
and passive smoking and occupational history, radon concentration measurements were 
performed in the current homes and in the previous homes, going back 5 to 35 years using 
alpha-track detectors. As expected the most important risk factor for lung cancer was cigarette 
smoking: >95 % of the lung cancer patients were current smokers or ex-smokers while among 
the controls this number was little more than 60%. There was a strong relationship between 
the number of packs smoked and relative risk, reaching 46 fold increase in relative risk for 
heavy smokers (>20 cigarettes per day for more than 30 years). Despite this strong influence 
of smoking, a clear dependence of relative risk on radon concentration in the homes was 
observed, as was the case in most other studies e.g. in Finland, Sweden and the United 
Kingdom. The overall excess lung cancer risk at a radon concentration of 100 Bq/m³ was 
10%. The excess risk from radon was found for smokers as well as for non-smokers, and risks 
interacted in a multiplicative way. A similar result had been found in a meta-analysis of older 
studies and, what is even more important, this risk value is very close to the predicted risk 
based on the analysis of the miner data.  


4.5. Heritable radiation effects 


In the public perception, the most dangerous long term risk of environmental, occupational of 
medical radiation exposure may be the risk of heritable damage to children and future 
generations. Up to the 1970s, rules and dose limits in radiation protection were mainly 
concerned with heritable radiation effects. Radiation exposure of the general population from 
diagnostic procedures in medicine and from atmospheric atom bomb test explosions were 
generally recorded and reported as genetically significant radiation doses which were 
calculated as radiation doses to the gonads corrected for the age and sex dependent probability 
of having children. Since then, a complete re-evaluation of the risks of heritable radiation 
damage has taken place. 


No significant increase in heritable diseases was found in a study on 70,000 children of 
Japanese A-bomb survivors whose parent had received a conjoint radiation dose to their 
gonads of approximately 0.15 Gy on average. Moreover, no dose dependent increase in the 
frequency of biochemical mutations was found. The fact that each person is genetically 
unique and different from even his brothers and sisters makes the direct determination of 
heritable radiation effects of low radiation doses in man virtually impossible. Such studies just 
lack the required sensitivity and are prone to all sorts of bias. In addition to the Japanese A-
bomb survivor studies, a few studies have been performed on children of radiotherapy 
patients that confirm this conclusion. For this reason, in contrast to the risk of radiation-
induced cancer and radiation-induced developmental damage, radiation-induced heritable 
damage cannot be determined by epidemiological research but has to be based on the results 
of animal experiments. The present concepts of the risks radiation-induced heritable diseases 
combine experimental data on the dose dependence of mutation rates in the various stages of 
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germ cell development with epidemiological data on the spontaneous frequency of naturally-
occurring genetic diseases, with different patterns of inheritance, and with mathematical 
models developed in population genetics research to describe the equilibrium between 
mutation and selection and the dynamics of mutant genes in populations. 


Mutation rates after irradiation of highly inbred strains of mice have been determined in large 
breeding experiments which involved millions of mice. The most important of those studies 
used the seven-locus method. By extensive inbreeding and crossbreeding, mouse strains were 
developed which are homozygous for seven different genes with recessive Mendelian 
inheritance. Each of these genes produces, in the homozygous genotype situation phenotypes 
that are characterised by changes in features which can be identified easily even in the early 
weeks of life of the affected animal. The experiment is based on the irradiation of wild-type 
animals and subsequent mating of the irradiated animals with homozyous partners. If no 
mutation is induced in the irradiated animal, all progeny of the mating show the phenotype of 
wild-type mice. However, if a mutation in a germ cell is induced, the phenotype typical for 
the respective mutation will be visible in the progeny which inherits this mutation along with 
the mutation from the other parent. The results of the experiment with low dose rate 
irradiation are given in Table 4.2. 


TABLE 4.2 MUTATION RATES AFTER LOW DOSE RATE IRRADIATION IN THE 
SEVEN LOCUS TEST  


Dose  Number of offspring Number of mutations  Mutation rate per locus 


           per million gametes 


0.9 Gy  -    -      8 


0.9 Gy  59,810   6     13 


3 Gy   108,026   25     33 


6 Gy   59,711   23     55 


8.6 Gy  24,281   12     71 


These results suggest an increase in the mean mutation rate per locus which is proportional to 
dose. The spontaneous mutation rate of approximately 1 in 100,000 is doubled by 
approximately 1 Gy. This is called the doubling dose at low dose rates. Other experimental 
models have also been used to determine the mutation rates after irradiation such as skeletal 
disorders with dominant inheritance, cataracts with dominant inheritance, recessive lethal 
mutations, dominant lethal mutations, mutations coding for enzymes and chromosome 
translocations. The spontaneous mutation rate per gene is similar in mice and men. There is 
no good reason to assume that in humans, the doubling dose may differ significantly from that 
in mice. However, the mutation doubling dose alone does not give any useful information on 
the risk of heritable disease. The relationship between and increase of mutation rate and 
increase of frequency of heritable diseases is complex and depends on the specific phenotype 
and its influence on the health of the affected person, on the pattern of inheritance and the 
interaction of the mutated gene with other factors in multifactorial diseases. Therefore, the 
mouse doubling dose is combined with information derived from human population genetics 
to estimate the risk of heritable disease in the progeny of irradiated people. 
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Heritable diseases may occur as direct result of a mutation in a single gene (single gene 
disorders). Inheritance of these diseases follows the rules established by Mendel, and may be 
autosomal dominant, autosomal recessive or sex-linked recessive. For these “Mendelian” 
diseases, there is a straightforward relationship between mutation and disease and the pattern 
of transmission is simple and predictable. Data from human population genetics give an 
overall frequency of Mendelian diseases in the population of 2.4% (1.5% autosomal 
dominant, e.g. Huntington´s disease, 0.75% autosomal recessive e.g. phenylketonuria, and 
0.15% sex-linked recessive, e.g. haemophilia). A new mutation in a gene with dominant 
inheritance following the Mendel rules of single gene inheritance will directly lead to the 
respective phenotype. In most instances this mutation will be passed on to later generations, if 
the impact on the health of the affected is low, in particular in the first few decades of life. It 
may be transmitted through many generations since its influence on the Darwinian selection 
will be small. It will be eliminated in the first generation if it causes death before the affected 
had any chance to have children. This balance between mutation and selection is the basis of 
population genetics theory. This relationship is described by the mutational component which 
mathematically describes the ratio of increase in mutation rate to increase in disease rate. For 
the known heritable diseases with dominant inheritance the mean mutational component is 
0.3, which means that, on average, new dominant mutations stay in the population for 3 
generations. For recessive mutations, the mutational component is close to 0. In addition to 
single gene disorders which have a frequency at birth of 3.3 %, approximately 6% of live 
births are affected by a congenital abnormality with some genetic component and 65% of the 
population will develop, later in life, chronic disease with some genetic component as well, 
although environmental factors play a much bigger role. These are called multifactorial 
diseases and comprise common diseases such as diabetes, essential hypertension and coronary 
heart disease. This complexity of heritable diseases is incorporated in the present method of 
estimating the heritable risk among the progeny of irradiated people. 


The equation to calculate genetic risk combines population genetic data in humans and 
radiation genetic data in mice as follows: 


Risk = Prevalence x 1/Doubling Dose x Mutation Component x PRCF 


Risk is the probability that an offspring of the exposed person will develop heritable disease 
of one of the groups described above (Mendelian or Multifactorial). The prevalence data are 
given above. For protracted irradiation, the accumulated dose in the gonads before conception 
is divided by 1. The mutation component is a factor which describes the relationship between 
the increase in the mutation rate and the rate of additional disease. Even for dominant diseases 
this factor is not 1, since the majority of existing mutations are inherited from parents and 
grandparents, often through many generations. A cautious estimate suggests that doubling of 
the rate of new dominant mutations will cause only a 30% increase of diseases with dominant 
inheritance in the first generation and 15% in the second generation. The same value of the 
Mutation Component is allocated to sex-linked recessive diseases. Since the development of 
single gene disease with recessive inheritance requires mutations in both alleles of the same 
gene, the relationship between a mutation and disease is very remote and the mutation 
component is therefore assumed to be close to zero. For multifactorial diseases, the 
relationship between mutation and disease is also not very close, and presently the mutation 
component is assumed to be 0.01.  


The potential recoverability correction factor (PRCF) has been introduced to account for the 
fact that the molecular structure of radiation-induced mutations differs markedly from the 
molecular structure of “spontaneous” mutations, in that most spontaneous mutations are point 
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mutations with a single base pair altered or a minute deletion whereas radiation-induced 
mutations are mostly large deletions, often affecting whole genes. Depending on the gene 
affected these mutations may not be compatible with inter-uterine development and most will 
lead to premature termination of pregnancy. A cautious estimate is that 30% of radiation-
induced mutations are not leading to intrauterine death and thus may be “recovered” at birth. 
Thus, the value of PRCF suggested today is 0.15 to 0.3. 


Using this equation for estimating the risk of heritable diseases of a young man who had been 
exposed to a radiation dose of 1 Gy from radiotherapy e.g. of pelvic lymph nodes in 
Hodgkin´s disease, the risk of radiation-induced dominant and sex-linked heritable disease 
would be: 


Risk = 0.0165 x 1 x 0.3 x 0.3 x 0.5 


The last factor of 0.5 has been introduced to account for the fact that only the father was 
irradiated. The result is a risk of less than 0.1%. The risk of multifactorial disease is similar at 
< 0.1% and the risk for radiation-induced recessive disease among the children is essentially 
zero. 


In addition to single gene disorders and multifactorial diseases, another class of heritable 
damage which is rare in the general population with a spontaneous frequency of 0.2%, but 
which may be particularly important after radiation exposure to the gonads, is developmental 
injury. Such developmental defects may affect multiple organs. Recent investigations of the 
potential molecular manifestations of genetic damage induced in the germ cells of irradiated 
individuals and transmitted to the progeny suggested that the genetic consequences of 
radiation exposure are mainly related to micro-deletions, i.e. deletions of multiple, 
functionally unrelated, yet physically contiguous genes that are compatible with survival of 
the individual receiving them. Such micro-deletions are known to cause multi-system 
congenital abnormalities which share some common features such as mental retardation, 
growth retardation, and various malformations. Unlike the majority of congenital 
abnormalities which are typical multi-factorial disorders, these abnormalities would show the 
same inheritance pattern as autosomal single gene diseases. These diseases are rare. The 
estimation of the risk of multi-systems congenital abnormalities resulting from radiation-
induced micro-deletions does not use the “doubling dose method” but rather uses 
experimental data on radiation-induced skeletal mutations and cataract mutations with 
dominant inheritance in mice for which such a molecular mechanism of mutation induction is 
likely. The estimated risk for multi-system developmental abnormalities is similar as for 
heritable diseases caused by single gene mutations (approximately 0.1% per Gy or Sv to one 
parent). 


The risks of radiation-induced heritable diseases have been estimated indirectly on the basis 
of mouse data on induced mutation rates, so far. Yet, the progress of molecular radiation 
genetics and closer understanding of the molecular basis of the different heritable diseases in 
humans offer the prospect to determine the effects of radiation exposure of humans on the risk 
of heritable diseases in the progeny directly. The assumption underlying all previous risk 
estimates was that radiation would equally cause all different classes of heritable diseases. Yet 
it has become clear in recent years that radiation-induced heritable diseases are most likely to 
be genomic disorders rather than single gene disorders. Genomic disorders are multi-system 
developmental abnormalities, most often associated with mental retardation and other 
neurological defects, and are caused by deletions or gene duplications. These occur 
spontaneously, predominantly by non-allelic homologous recombination in meiosis, in 
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particular in oocytes. Similar effects are likely to occur as a consequence of repair of 
radiation-induced DNA double strand breaks in specific stages of meiosis, leading to genomic 
changes which might be specific for radiation induction permitting their direct identification 
against the huge background of heritable diseases caused by spontaneous mutations.  


4.6. Effects on the developing embryo 


More than 1,500 children born between September 1945 and March 1946 in Hiroshima and 
Nagasaki were investigated at regular intervals between 1948 and 1964 to study the effects of  
radiation doses between 0.01 and >1 Gy on intra-uterine development at different stages of 
pregnancy. This study remains, until today the only reliable source of information on the 
radiosensitivity of the unborn human.  


Experimental studies in mice demonstrated a wide range of characteristic malformations such 
as spina bifida, exencephaly or bone malformation of the extremities at doses well below 1 
Gy. The type of malformations showed a very strict dependence on the stage of pregnancy. A 
difference of 12 hours often resulted in very different types of malformations and in different 
organs. Yet, in the children of Hiroshima and Nagasaki no such malformations were found 
increased in a dose dependent way. However, there were 18 children who presented with 
micro-cephaly and severe mental retardation. The mothers of 15 affected children had been 
exposed to radiations from the bomb explosions at close distance from the hypocentre when 
they were in week 8 to 15 of pregnancy, while 3 affected children were exposed in later stages 
of pregnancy. Findings of dystopic grey matter by MRI investigations (magnetic resonance 
imaging) of some of those severely retarded people are in accordance with the results of 
experimental studies on the effects of radiation doses < 1Gy given to pregnant mice in late 
pregnancy. These experiments demonstrated that migration and maturation of immature 
neural cells during the development of the forebrain was severely disturbed. The result of this 
disturbance of migration was severe disorganisation of the structure of the synaptic network in 
the brain. 


The development of the mammalian brain is very radiosensitive over long periods of 
pregnancy due to the prolonged duration of cell formation and maturation processes. 
Throughout the process of brain development, damage and compensation processes occur side 
by side leading to a very complex pattern of radiation response. The most particular effect of 
radiation on brain development in the period of enhanced sensitivity is during cortical cell 
formation which is associated with extensive migration of cells formed in the ventricular 
regions towards the surface which determines the later organisation of the neuronal network. 
Even radiation doses as low as 0.1 Gy cause significant disorientation of the cytoarchitecture 
and the neuronal network. Neurophysiological alterations appear to be related to those 
structural defects caused by radiation doses of <0.2 Gy which affect neuronal cell migration, 
branching, apoptosis of individual cells causing failure of anchoring of neuronal synapses and 
axon process formation. In animal experiments, radiation doses of <0.3 Gy given in the period 
of enhanced radiosensitivity i.e. in the period of corticogenesis, may lead to neurofunctional 
damage such as changes in the electroencephalogram (EEG) patterns, behavioural changes, 
deficiency in learning and memory and seizures. Similar radiation effects are likely to occur 
in the human brain, although the plasticity and capacity for compensation is so pronounced 
that clinical damage may not be obvious unless radiation doses exceed a certain threshold.  


Damage to intrauterine development was found in none of the experimental studies in mice 
after doses < 0.1 Gy. Also in the studies of the Hiroshima children there was evidence for a 
threshold dose of >0.1 Gy. At higher doses, the risk of severe mental retardation increases to a 
value of 40% at 1 Gy. In later stages of pregnancy, the threshold dose may be higher. At the 
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age of 10, all children who were exposed in utero to radiation from the A-bomb explosions 
had an IQ test. Also the school performance at the same age was analysed. There was 
statistical evidence for a dose dependent decrease of the mean IQs as well as the mean school 
performance scores of those children who were exposed in weeks 8 to 15 and 16 to 25 to 
doses >0.1 Gy. No decrease of intellectual development was recorded if irradiation had 
occurred before week 8 or after week 25, even if radiation doses were >0.5 Gy. 


Embryos in the pre-implantation stage are very radiosensitive. However, the radiation damage 
inevitably will lead to death of the embryo and early abortion. Those embryos, however, 
which survive develop normally. In human embryos in the first few weeks after implantation 
during the period of major organogenesis, a comparable all-or-nothing effect is likely i.e. 
either an early, spontaneous abortion or normal development. The results of these studies as 
well as of some follow-up studies and anecdotal reports after medical exposures demonstrate 
the high radiosensitivity of the developing embryo and foetus, in particular during the time of 
brain development. The findings of a probable threshold of 0.1 Gy will influence the advice to 
be given to pregnant women after a diagnostic radiology procedure. In particular after 
abdominal CT investigations, careful analysis of radiation doses in the uterus has to be 
performed. A recommendation of termination of pregnancy because of possible radiation 
injury is very unlikely in most cases of women exposed in diagnostic radiology procedures 
either because radiation did not occur in weeks 8 to 15 or because radiation doses to the uterus 
from most radiological procedures was well below 0.1 Gy.   


4.7. The system for radiation protection 


Given the effects that radiation exposure can lead to, there is clear need to have a system that 
affords appropriate levels of radiation protection in situations where radiation is being used or 
is present.  


There is much guidance on what is required for radiation protection, and in particular there 
are 3 important international players. First, the United Nations Scientific Committee on the 
Effects of Atomic Radiations (UNSCEAR) closely monitors the progress of radiation research 
and publishes extensive, critical and authoritative reviews at regular intervals on the sources 
and levels of global radiation exposure, and on the biological effects of ionising radiation. The 
International Commission on Radiological Protection (ICRP), an independent charity, issues 
recommendations on radiation protection, based primarily on the scientific foundation 
provided by the UNSCEAR reports. The advice of ICRP is aimed principally at authorities, 
bodies and individuals that have responsibility for radiological protection but it does not 
provide regulatory texts. In essence the ICRP develops policy. Finally, the International 
Atomic Energy Agency (IAEA), a member of the UN family, uses the ICRP 
recommendations as the basis for developing regulatory-style radiation protection 
requirements. These IAEA Safety Standards, comprised of Safety Fundamentals, Safety 
Requirements and Safety Guides, provide the basis for the regulation of radiation protection 
in many countries of the world, especially in the so-called developing world. The IAEA also 
assists its Member States in the application of these Safety Standards.  


This section on the system of radiological protection is only a brief overview, with particular 
emphasis on the risks of health effects arising from low dose exposures, and how doses from 
low dose exposures are assessed from a radiation protection perspective.  For more detail on 
radiation protection, reference should be made to the many publications of the ICRP and the 
IAEA, among others. 
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In its 2007 Recommendations, the ICRP introduced 3 types of exposure situations to cover all 
conceivable circumstances. "Planned exposure situations" are situations involving the 
deliberate introduction and operation of sources. Planned exposure situations may give rise 
both to exposures that are anticipated to occur (normal exposures) and to exposures that are 
not anticipated to occur (potential exposures). "Emergency exposure situations" are situations 
that may occur during the operation of a planned situation, or from a malicious act, or from 
any other unexpected situation, and require urgent action in order to avoid or reduce 
undesirable consequences. "Existing exposure situations" are exposure situations that already 
exist when a decision on control has to be taken, including prolonged exposure situations after 
emergencies. The ICRP also distinguishes between 3 categories of exposures: occupational 
exposures, incurred by workers in the course of their work; medical exposures, incurred by 
patients for the purpose of diagnosis or treatment; and public exposure, incurred by members 
of the public from sources in any planned exposure situation, existing exposure situation, or 
emergency exposure situation. 


Radiation protection needs to address all exposure situations and all categories of exposure.  
The ICRP has long espoused three principles of radiation protection – the principles of 
justification, of optimisation and of application of dose limits. The principle of justification 
aims to ensure that any decision that alters the radiation exposure situation should do more 
good than harm. The principle of optimisation of protection is that the likelihood of incurring 
exposures, the number of people exposed, and the magnitude of their individual doses should 
all be kept as low as reasonably achievable, taking into account economic and societal factors. 
These first two principles apply to all exposure situations – planned, existing and emergency. 
The third principle of application of dose limits applies only to planned exposure situations, 
and in effect is a "safety net" applied after the first two principles have been implemented. 
Dose limitation means that the total dose to any individual from all planned exposure 
situations other than medical exposure to patients should not exceed the appropriate limits 
specified by the ICRP. 


4.7.1. The derivation of risk coefficients and organ weighting factors from 
epidemiological data 


Radiation exposure can lead to many harmful health effects. Such effects were classified by 
ICRP in 1990 into deterministic and stochastic effects, and both categories of effect are 
considered by the ICRP in establishing dose limits in their recommendations. Radiological 
protection aims at avoiding deterministic effects (also called “tissue reactions” in the new 
ICRP recommendations in 2007) by setting dose limits below the threshold at which they 
occur. Stochastic effects (called “cancer/heritable effects” in the new ICRP recommendations) 
are believed to occur even at the lowest doses and therefore have to be taken into account 
whatever is the radiation dose. With this understanding, the dose limits cannot prevent such 
stochastic effects, but in stead aim to reduce their likelihood to acceptably low levels. The 
term “detriment” was introduced by the ICRP as a measure of the harmful health effects to 
individuals or descendants of the exposed individual that could occur as a result of radiation 
exposure at low doses. In general, the detriment in a population is defined as the mathematical 
expectation of the induction of cancer and hereditary damage caused by an exposure to 
radiation. Detriment is a complex concept combining the probability, severity and time of 
expression of radiation harm. 


Detriment is assessed by the calculation of the effective dose which takes into account the 
total risk attributable to the exposure of all tissues irradiated. The fundamental dosimetric 
quantity in radiological protection is the absorbed dose. The detriment depends not only on 
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the absorbed dose but also on the type and energy of the radiation causing the dose, in 
particular the LET of the radiation. This is taken into account by weighting the absorbed dose 
by a factor related to the quality of radiation. The radiation weighting factor is selected for the 
type and energy of the radiation incident on the body of, in case of sources within the body, 
emitted by the source. The weighted absorbed dose is the product of the absorbed dose 
averaged over the respective tissue or organ and is called “equivalent dose”. The “effective 
dose” is derived by weighting the equivalent doses of the different tissues and organs by a 
factor which represents the sensitivity of the respective tissues and organs to stochastic 
effects, primarily radiation-induced cancer. Thus, the detriment for all radiations is expressed 
as effective dose E which is measured in sieverts (Sv). The values of the radiation weighting 
factors for a specified type and energy of radiation has been selected to be representative for 
values of the relative biological effectiveness (RBE) in inducing stochastic effects at low 
radiation doses. The radiation weighting factors recommended by ICRP in 2007 are shown in 
Table 4.3. 


TABLE 4.3 RADIATION WEIGHTING FACTORS (ICRP 2007) 


Radiation type       Radiation weighting factor 


Photons and electrons, all energies     1 


Protons and charged pions      2 


Alpha particles, fission fragments, heavy ions   20 


Neutrons* En < 1 MeV      2.5 + 18.2 e[-ln En]2/6 


  1 MeV ≤ En  ≤ 50 MeV    5.0 + 17.0 e[-ln 2En]2/6 


  En > 50 MeV     2.5 + 3.25 e[-ln 0.04En]2/6 


*) these values have replaced the following step values that were recommended in 1990: < 10 
keV, 5; 10 keV to 100 keV, 10; 100 keV to 2 MeV, 20; 2 MeV to 20 MeV, 10; >20 MeV, 5. 


The tissue weighting factors were intended to ensure that a weighted tissue equivalent dose 
would produce the same degree of detriment irrespective of the tissue or organ involved. They 
are representative values averaged over age at exposure and sex and, besides the risk for fatal 
cancer in the respective organs, also make allowance for different losses of life span, for the 
morbidity resulting from the induction of non-fatal cancers and for the risk of serious 
hereditary diseases in the first two generations of descendants of the irradiated individual. On 
the other hand, any possible health damage arising from developmental damage in utero such 
as severe mental retardation is not included in the tissue weighting factors. 


The period of observation of exposed populations does not extend to a full life time in any of 
the major epidemiological studies. Therefore, it is necessary to project the probability of 
cancer induction or mortality from the period of observation to the full lifetime of the exposed 
population. This is done using two alternative projection models: (1) the absolute or additive 
risk model predicts a constant excess of induced cancers throughout a life-time unrelated to 
the spontaneous cancer rate, (2) the relative or multiplicative model predicts that the excess of 
induced cancers increases as a constant multiple of the age-dependent spontaneous rate. By 
averaging the results of the dependence of risk on age, sex, projection model and their 
influence on the base-line cancer risks in different populations e.g. those of Japan, United 
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States of America, United Kingdom and China, the relative probabilities of cancer after 
irradiation of different for a nominal world population of all ages were derived. These form 
the basis for the tissue weighting factors, taking also into account the expected number of 
years of life lost due to the different types of radiation-induced cancer, which is highest for 
leukaemia and breast cancer (since both have a high mortality and early onset) while lung, 
stomach and colon have a lower value due to their appearance later in life, despite having 
similar lethality.  


In 2007, ICRP recalculated its nominal risk, taking into account in particular the latest 
development in genetic risk estimation and the results of the cancer incidence data from the 
Japanese Life Span Study. From the cancer incidence data, sex-averaged nominal risk 
coefficients for cancer were calculated which are adjusted for lethality and quality of life. On 
the basis of these calculations, ICRP proposed nominal risk coefficients for detriment-
adjusted cancer risk as 5.5% per Sv for the whole population and 4.1% per Sv for adult 
workers. For hereditary effects, the detriment adjusted nominal risk in the whole population is 
estimated at 0.2% per Sv, and in adult workers as 0.1% per Sv (Table 4.4). The most 
significant change from 1990 is the 6 – 8 fold reduction in the nominal risk coefficient for 
hereditary effects as a result of the considerations described above. 


TABLE 4.4 DETRIMENT ADJUSTED NOMINAL RISK COEFFICIENTS (% PER SV) 
FOR CANCER AND HEREDITARY EFFECTS (ICRP, 2007). 


Exposed population  Cancer   Hereditary effects Total 


     2007  1990   2007  1990   2007 1990 


Whole    5.5 6.0   0.2 1.3   6.0 7.3 


Workers    4.1 4.8   0.1 0.8   4.0 5.6 


Based on these values ICRP in 2007 confirmed that their previous overall fatal risk coefficient 
of 5% per Sv continues to be appropriate for radiation protection puposes. While the overall 
fatal risk coefficient has not changed compared to 1990, the value of some of tissue weighting 
factors was significantly altered as shown in Table 4.5. 


TABLE 4.5 RECOMMENDED TISSUE WEIGHTING FACTORS 


Tissue        ICRP 2007   ICRP 1990  


Bone marrow, colon, lung, stomach,    0.12   0.12  


Breast         0.12   0.05 


Remainder *)        0.12   0.05 


Gonads         0.08   0.2 


Bladder, oesophagus, liver, thyroid     0.04   0.05 


Bone surface, skin       0.01   0.01 


Salivary glands, brain       0.01  part of remainder*) 


*Remainder tissues: adrenals, gall bladder, heart, kidneys, lymphatic nodes, muscle, oral 
mucosa, pancreas, prostate, small intestine, spleen, thymus, uterus, extrathoracic region. The 
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tissue weighting factor for the remainder tissues applies to the weighted mean doses of the 13 
listed organs which are added up to be multiplied by the tissue weighting factor of 0.12. 


At radiation doses below 100 mSv in a year, the increase in the incidence of stochastic effects 
is assumed by ICRP to occur with a small probability, and in proportion to the increase in 
radiation dose over the background dose. Use of this so-called linear, non-threshold (LNT) 
model is considered by ICRP to be the best practical approach to managing risk from 
radiation exposure and a prudent basis for radiological protection. 


Effective dose and tissue weighting factors are to be used for prospective dose assessment for 
planning and optimisation of protection of the general population or for working populations 
but not for calculating risks for individuals or specific populations such as young women. As 
stated in ICRP 2007, § 157: “effective dose is intended for use as a protection quantity on the 
basis of reference values and therefore is not recommended for epidemiological evaluations, 
not should it be used for detailed specific retrospective investigations of human exposure and 
risk. This is especially important in cases of individual doses exceeding dose limits”. 


4.7.2. Dose limits 


Implementation of the third ICRP principle of application of dose limits for planned exposure 
situations (excluding medical exposures) requires the setting of values for the dose limits. As 
said above, the values of the dose limits should ensure the avoidance of deterministic effects 
or reduce the risk of stochastic effects to acceptable levels, as relevant. Despite the changes in 
the nominal risk coefficients underpinning the dose limits, as discussed above, the values 
given in ICRP 103 are the same as those in their previous recommendations given in ICRP 
60. It should be noted that new data on the radiosensitivity of the eye ares expected to become 
available, and these will be reviewed by the ICRP in terms of any change needed to the dose 
limit for the lens of the eye. While dose limits are expressed in terms of dose quantities and 
are part of the system of radiation protection, their heritage is in radiation biology and 
radiation effects. 


For occupational or public exposure, arising from planned exposure situations, an individual 
may be exposed by several sources, so an assessment of the total exposure has to be attempted 
which includes all sources causing exposure to the individual. The doses from this total 
exposure are compared with the appropriate dose limits. Table 4.6 shows the dose limits for 
planned exposure situations to the public and to radiation workers. 


TABLE 4.6 DOSE LIMITS FOR PLANNED EXPOSURE SITUATIONS (ICRP 2007) 


Type of limit     Occupational   Public 


Effective dose     20 mSv per year *)  1 mSv per year **) 


Annual equivalent dose  


In lens of the eye (under revision)  150 mSv    15 mSv 


Skin ***)      500 mSv    50 mSv 


Hands and feet     500 mSv    -- 


*) the 20 mSv value applies to the average value over a period of 5 years with the additional 
provision that in any one year the dose should not exceed 50 mSv. Moreover, once a woman 
has notified pregnancy to the employer, her exposure for the remainder of the pregnancy 
should not exceed 1 mSv since the embryo/foetus is considered the same as the public. 
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**) the 1 mSv value applies to the average value over a period of 5 years. 


***) skin dose average over 1 cm² area of skin 


4.7.3. Risk-benefit considerations in breast cancer screening using mammography 


In medical uses of radiation, all exposures should be, as a result of medical indications, for the 
patient’s diagnosis or treatment. This means that both the risk and the benefit apply to the 
same person. Moreover, radiation risks are usually negligible compared to the benefit of the 
individual. In any case, radiation protection for the patient is afforded through the application 
of the principles of justification and optimisation. 


The situation is very different in radiological screening programmes for early diagnosis of 
specific diseases such as cancer. In any screening programme, for each person who will be 
identified by the screening exposure at an early stage of disease and who might therefore have 
a better change of cure, there will be hundreds or thousands of healthy people exposed to 
radiation who do not have the disease and who will not benefit directly from the radiation 
exposure. The most important example is mammography screening for early breast cancer too 
small to be found using clinical examination. 


Breast cancer is the second leading cause of cancer death for all women and the leading cause 
of death in women between the ages of 30 and 55 years. Age standardised breast cancer rates 
vary markedly between countries, the lowest rates are reported from China and Japan (20 to 
35 per 100,000), the highest rates in white American and some European women (75-100 per 
100,000). The probability of cure depends critically on the risk of the primary cancer having 
already spread to lymph nodes and distant sites, which is directly related to the size of the 
primary breast cancer. If the primary cancer is smaller than 1 cm, the risk of distant metastasis 
which would preclude cure is less than 10%, while if the primary is larger than 4 cm the risk 
of distant metastasis would be over 50%. Therefore, the smaller the primary tumour at 
diagnosis the greater is the chance of cure. Clinical methods such as palpation are not reliable 
detecting tumours smaller than 1 cm while mammography is very capable of doing this. 
Therefore, it is expected that regular investigation of a breast with mammography will detect 
cancers at a much smaller size than regular palpation, and by this way increase the chances of 
cure and decreasing the risk of premature death from breast cancer. Yet, in each 
mammographic investigation with state-of-the-art methods, the breast is exposed to a dose of 
4 mGy which varies much between women depending on the size of the breast. Since the 
breast is one of the most sensitive organs of the body with regard to radiation-induced cancer, 
the radiation doses from mammography have to be kept as low as compatible with the 
diagnostic aims and be justified by the expected decrease in breast cancer mortality. Elevated 
breast cancer risk following radiation exposure has been demonstrated both in the Life Span 
Study of A-bomb survivors as well as in different cohorts of medically exposed women. 


Among the 29,700 women of the Life Span cohort of the A-bomb survivors who had received 
a dose of >5 mGy to the breast, 173 died from breast cancer by 1997. Analysis of the dose 
dependence of risk provided strong evidence for a linear dose response relationship and a 
strong dependence on age at exposure with decrease of risk with increasing age, the risk 
becoming insignificant if exposure occurred at ages over 50. Both the relative risk model and 
the absolute risk model fitted the data equally well. Altogether 24% of the 173 cases were 
attributable to the radiation exposure, the excess relative risk per Gy was 0.79 (with 90% 
confidence limits of 0.29 to 1.5), and the excess absolute risk was 1.6 per 10,000 person-
years. The most important epidemiological data from medical radiation exposure of the breast 
come from studies in tuberculosis (TB) patients treated with pneumothorax under 
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fluoroscopic control and from women given radiotherapy for bacterial infection of the breast 
after giving birth (postpartum mastitis). In the biggest TB study, there were 349 breast cancer 
deaths in 13,078 women (compared to 237 deaths expected), and in the most important 
mastitis study, there were 210 breast cancers in 3,034 women. A pooled analysis of these and 
several other studies showed differences between studies. However, all of them confirmed 
that radiation-induced breast cancer occurs at ages similar to those at which breast cancers are 
seen in the absence of exposure, that the excess risk increases linearly with radiation dose, and 
that age at exposure and attained age both have a great influence on the risk of radiation-
induced breast cancer. 


However, there are also other risks of mammography screening which may be even more 
important than radiation-induced breast cancer such as: (1) false negative mammograms 
which may give inappropriate reassurance, and diagnosis of breast cancer and treatment may 
be delayed. Up to 25% of invasive breast cancers are not detected by mammography in 40 – 
49 year old women compared to only 10% in women older than 60, (2) false positive 
mammograms, more common in younger women, cause unnecessary interventions such as 
biopsies and psychological stress, (3) overtreatment e.g. of ductal carcinoma in situ, which is 
frequently diagnosed by mammography especially in younger women, but some ductal 
carcinoma will not progress to invasive cancer. Since the radiation risks of breast cancer 
induction are lower after age 50 years and the rate of false negatives as well as false positives 
is reduced as well in older women, and in particular, since the incidence rate in women over 
50 is much higher than in younger women, it has been recommended to perform 
mammography screening for breast cancer only in women aged 50 and older. In several large 
epidemiological studies, in particular in Sweden, a reduction of mortality from breast cancer 
due to mammography screening of over 20% was determined. Depending on the assumptions 
of radiation risks, improvement of therapeutic outcome and breast cancer incidence, different 
ratios of benefit versus risk have been calculated but for women over 50, all estimates have 
been very positive with a benefit to risk ratio ranging from  20 to >100. These results were the 
basis of mammography screening programmes on a national basis in many countries. 
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Vocabulary and phrases for making presentations in 
English 


Overviews 


After you give your opening statement, you should give a brief overview of your 
presentation. This includes what your presentation is about, how long you will take and 
how you are going to handle questions. 


For example, a presentation to sales staff could start like this: 


"Welcome / "Hello everyone." 


Opening statement 


"As you all know, this company is losing its market share. But we are being asked to 
increase 


sales by 20 – 25%. How can we possibly increase sales in a shrinking market?" 


Overview 


"Today I am going to talk to you about how we can do this. My presentation will be in 
three parts. Firstly I am going to look at the market and the background. Then I am 
going to talk to you about our new products and how they fit in. Finally, I'm going to 
examine some selling strategies that will help us increase our sales by 20%. The 
presentation will probably take around 20 minutes. There will be time for questions at 
the end of my talk." 


Useful language for overviews 


"My presentation is in three parts." 


"My presentation is divided into three main sections." 


"Firstly, secondly, thirdly, finally…" 


"I'm going to… 


take a look at… 


talk about… 


examine… 


tell you something about the background… 







give you some facts and figures… 


fill you in on the history of… 


concentrate on… 


limit myself to the question of… 


"Please feel free to interrupt me if you have questions." 


"There will be time for questions at the end of the presentation." 


"I'd be grateful if you could ask your questions after the presentation." 


The main body of the presentation 


During your presentation, it’s a good idea to remind your audience occasionally of the 
benefit of what you are saying. 


"As I said at the beginning…" 


"This, of course, will help you (to achieve the 20% increase)." 


"As you remember, we are concerned with…" 


"This ties in with my original statement…" 


"This relates directly to the question I put to you before…" 


Keeping your audience with you 


Remember that what you are saying is new to your audience. You are clear about the 
structure of your talk, but let your audience know when you are moving on to a new 
point. You can do this by saying something like "right", or "OK". You can also use some 
of the following expressions: 


"I'd now like to move on to…" 


"I'd like to turn to…" 


"That's all I have to say about…" 


"Now I'd like to look at…" 


"This leads me to my next point…" 


If you are using index cards, putting the link on the cards will help you remember to 
keep the audience with you. In addition, by glancing at your index cards you will be 







pausing – this will also help your audience to realise that you are moving on to 
something new. 


Language for using visuals 


It's important to introduce your visual to the audience. You can use the following 
phrases: 


"This graph shows you…" 


"Take a look at this…" 


"If you look at this, you will see…" 


"I'd like you to look at this…" 


"This chart illustrates the figures…" 


"This graph gives you a break down of…" 


Give your audience enough time to absorb the information on the visual. Pause to allow 
them to look at the information and then explain why the visual is important: 


"As you can see…" 


"This clearly shows …" 


"From this, we can understand how / why…" 


"This area of the chart is interesting…" 


Summarising 


At the end of your presentation, you should summarise your talk and remind the 
audience of what you have told them: 


"That brings me to the end of my presentation. I've talked about…" 


"Well, that's about it for now. We've covered…" 


"So, that was our marketing strategy. In brief, we…" 


"To summarise, I…" 


Relate the end of your presentation to your opening statement: 


"So I hope that you're a little clearer on how we can achieve sales growth of 20%." 







"To return to the original question, we can achieve…" 


"So just to round the talk off, I want to go back to the beginning when I asked you…" 


"I hope that my presentation today will help you with what I said at the beginning…" 


Handling questions 


Thank the audience for their attention and invite questions. 


"Thank you for listening – and now if there are any questions, I would be pleased to 
answer them." 


"That brings me to the end of my presentation. Thank you for your attention. I'd be glad 
to answer any questions you might have." 


It’s useful to re-word the question, as you can check that you have understood the 
question and you can give yourself some time to think of an answer. By asking the 
question again you also make sure that other people in the audience understand the 
question. 


"Thank you. So you would like further clarification on our strategy?" 


"That's an interesting question. How are we going to get voluntary redundancy?" 


"Thank you for asking. What is our plan for next year?" 


After you have answered your question, check that the person who asked you is happy 
with the answer. 


"Does this answer your question?" 


"Do you follow what I am saying?" 


"I hope this explains the situation for you." 


"I hope this was what you wanted to hear!" 


If you don't know the answer to a question, say you don't know. It's better to admit to not 
knowing something than to guess and maybe get it wrong. You can say something like: 


"That's an interesting question. I don't actually know off the top of my head, but I'll try to 
get back to you later with an answer." 


"I'm afraid I'm unable to answer that at the moment. Perhaps I can get back to you 
later." 
"Good question. I really don't know! What do you think?" 







"That's a very good question. However, we don't have any figures on that, so I can't give 
you an accurate answer." 


"Unfortunately, I'm not the best person to answer that." 


What can you say if things go wrong? 


You think you've lost your audience? Rephrase what you have said: 


"Let me just say that in another way." 


"Perhaps I can rephrase that." 


"Put another way, this means…" 


"What I mean to say is…" 


Can't remember the word? 


If it's a difficult word for you – one that you often forget, or one that you have difficulty 
pronouncing – you should write it on your index card. Pause briefly, look down at your 
index card and say the word. 


Using your voice 


Don't speak in a flat monotone – this will bore your audience. By varying your speed 
and tone, you will be able to keep your audience's attention. Practise emphasising key 
words and pause in the right places – usually in between ideas in a sentence. For 
example "The first strategy involves getting to know our market (pause) and finding out 
what they want. (pause) Customer surveys (pause) as well as staff training (pause) will 
help us do this." 


Don't forget – if you speak too fast you will lose your audience! 
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The Bologna process and student 
expectations


Manja Klemenčič


Abstract


This article argues that seven years after the signature of the Bologna Declaration, the key ideas 
behind the establishment of the European Higher Education Area are still as compelling as in 1999. 
Despite progress on many fronts, the main objectives of the Bologna process – better quality, more 
mobility, greater attractiveness of European higher education and better employability of European 
students{ XE "students" } – are still in the process of being achieved. From the student perspective, 
the key ‘problem areas’ still lie in the area of quality assurance, including the modernisation of cur-
ricula, the need for learner-focused teaching and of systematic skills development. Another area of 
concern remains the continued under-financing of higher education, with the related questions of 
access and student welfare.
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1. Introduction


The globalisation and democratisation (or ‘massification’) of higher 
education have profoundly altered the political, economic and cultural 
nature of European higher education institutions (HEI). These phe-
nomena have taken place at the same time as a number of other pro-
found social and economic changes in wider society. The role of 
higher education and its institutions in this new environment has 
changed and is changing as a consequence. One of the effects of these 
changes has been the pressing need to enhance the quality of higher 
education in Europe, in both absolute and relative terms. European 
governments saw one way to help achieving this through voluntary 
co-operation, in a structured format, between higher education sys-
tems across the continent. 


In concrete terms, the idea was to establish a European Higher Educa-
tion Area (EHEA), based on a Europe-wide system of comparable 
degrees and transferable course credits, the mutual recognition of 
qualifications, more mobility, greater co-operation in quality assur-
ance, and linking teaching and research more explicitly to the ideas 
behind the European Union (the so-called ‘European dimension’). 
These objectives were agreed upon by all the key members of the 
European higher education community: the governments, the higher 
education institutions and students, and were recorded as such in the 
Bologna Declaration of 1999. However, none of the challenges asso-
ciated with globalisation and democratisation has yet been fully met. 
This article argues that the basic ideas behind the Bologna process of 
enhancing quality, mobility and European co-operation in higher edu-
cation are as compelling today - if not more so – as they were in 1999. 


2. Globalisation and democratisation


Globalisation is most often understood as the lifting of national 
boundaries in commercial relations, as a result of more effective and 
affordable information and communication technologies and transpor-
tation. As a consequence, the local providers of goods and services are 
increasingly exposed to a much wider and diversified competition 
than ever before. The same effect of globalisation can also be seen in 
the higher education (HE) sector with the emergence of a global mar-
ket for higher education. For both the seekers and providers of educa-
tion, opportunities are widely available outside their nation states and 
home regions. The main effect of globalisation on higher education in 
Europe has been two-fold. On the one hand, local HEIs in Europe no 
longer hold a monopoly over education provision, but face competi-
tion for students, teachers, and funds. On the other hand, new oppor-


Bologna remains as 
compelling today as in 
1999


Globalisation in HE
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tunities are opening up for the same institutions to offer their services 
abroad and attract foreign students.


While these effects were already present when the Bologna process 
was launched in 1999, the trade in cross-border higher education has 
further intensified since then, in particular with the formal acceptance 
of China into the World Trade Organisation in 2001. Chinese member-
ship in the WTO boosted its trade and economic growth as well as its 
domestic demand for higher education. During his visit to the Univer-
sity of Cambridge in September 2005, the Minister of Education from 
the People’s Republic of China, Minister Zhou Ji, highlighted that his 
government was seeking to increase the national university participa-
tion rate from 20% to 40% and to double efforts to provide vocational 
education for those who cannot enter university.1 He also stated that 
the government was eager to send Chinese students to study abroad, as 
well as to welcome foreign educational establishments and businesses 
to provide their services in China. 


Similarly high demand for higher education can be seen in India, which 
is, as stated by the Indian Ministry for Human Resource Development, 
‘one of the largest higher education systems in the world’.2 Increased 
demand for higher education in the world’s most populated countries 
has opened vast opportunities for the export of higher education ser-
vices by European institutions. These opportunities can, however, only 
be enjoyed if individual institutions and European higher education as a 
whole is associated with excellence. One of the key objectives of the 
Bologna process is exactly this point – raising the attractiveness of 
European higher education sector through better quality.


Furthermore, the European Union expanded by ten new member states 
in 2004 and is in the process of further enlargement. For the ten new 
member states of 2004, participation in EU educational programmes 
and the Bologna process has facilitated higher educational reform in 
the spirit of ‘capacity building’. In the long term, educational co-
operation supports and promotes political and economic co-operation, 
through the education and training of students with European aware-
ness, experience and contacts. Participation in the Bologna process 
can bring similar benefits to EU neighbours in the Balkans, Russia, 
the Caucasus and the Mediterranean. Educational co-operation was an 
important dimension of the Stability Pact for South East Europe when 


1 For more information on the visit, please see http://www.admin.cam. 
ac.uk/news/dp/2005093002. For information on Chinese higher education, the 
website of the Ministry of Education of the People’s Republic of China can be 
found at http://www.moe.edu.cn/english/index.htm
2 For information on higher education in India, please see the website of the 
Ministry for human resources development of the Government of India at 
http://www.education.nic.in/htmlweb/higedu.htm
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it was established in 1999; this was further enhanced when all South 
East European countries joined the Bologna process in 2003.3


Another important although subsidiary role of the Bologna process is 
to contribute to a better understanding of the European Union among 
its citizens. The European Union is embarking on a new initiative of 
‘communicating Europe’ aimed at enhancing the citizens’ understand-
ing of the EU.4 There has not been much improvement since 1999 in 
terms of eradicating the so-called ‘democratic deficit’ in European 
decision making. Neither has there been much improvement in raising 
European citizens’ knowledge of, or sense of belonging to, the main 
European ideas. With French and Dutch citizens rejecting the pro-
posed Constitutional Treaty in 2005, concerns about the gap between 
the EU and its citizens have become even more pressing. Higher edu-
cation can play an important part in this process, through the promo-
tion of European-wide mobility, and through reinforcing the ‘Euro-
pean dimension’ in teaching and research. In concrete terms, pro-
grammes and modules in European Studies and research on Europe 
can all contribute greatly to a better understanding of Europe among 
the rapidly increasing segment of the population enrolled in higher 
education.


The number of students in European higher education has more than 
doubled over the last 25 years.5 It appears that higher education is now 
sought after by ever-widening section of the population. Apart from 
young people fresh from secondary schools, there are increasing num-
bers of adult learners who are either seeking a higher education degree 
or further training of some sort. As already indicated above, there are 
also more foreign students coming into European higher education 
institutions. Each of these groups has distinct expectations and needs. 
This increase in demand results in pressure on HEIs themselves, with 
limited facilities, financial and human resources to take in all the 
would-be students and to offer them what they have signed up for: 
quality education and training.


The ‘massification’ of higher education has in most European coun-
tries not been followed by increased public funding. Instead, higher 
education institutions are compelled to seek alternative sources of 


3 For more information, see the website of the Force Education and Youth/ 
Enhanced Graz Process within the framework of the Stability Pact for South 
Eastern Europe at http://www.see-educoop.net/graz_2003/index.htm.
4 European Commission (2006), White Paper on European Communication 
Policy.
5 Organisation for Economic Co-operation and Development (2004), Educa-
tion at a Glance 2004, and Organisation for Economic Co-operation and De-
velopment (2004), Internationalisation and Trade in Higher Education: Oppor-
tunities and Challenges.
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funding. In many European countries, there have been debates 
whether these funds should come from charging tuition fees, in addi-
tion to fundraising through partnerships with industry and the export 
of higher education services. The trends towards the ‘commodifica-
tion’ of higher education are increasingly challenging the traditional 
European value of higher education as ‘a public good’. For students in 
particular, but also for many HEIs, it is paramount to maintain the 
principle of higher education as a public good enshrined in European 
societies, and to maintain equity of access to higher education through 
public funding. These principles were reaffirmed by the governments 
in the Prague, Berlin and Bergen Communiqués6. However, despite 
the wide recognition of higher education being a ‘public good’ and a 
vital aspect of knowledge economy, there is no significant improve-
ment in terms of public financing of higher education.


In conclusion, seven years after the signature of the Bologna Declara-
tion, the ideas behind the Bologna Process are still relevant, whether 
we look at them from the perspective of governments, higher educa-
tion institutions, or students. In fact, one could argue that the ‘culture 
of reform’ of higher education directed through and by the Bologna 
process is becoming ever more important for Europe’s economic and 
social development. 


3. Motivations for establishing the European 
Higher Education Area


Governments, HEIs and students have been all supportive of the idea 
to create a European Higher Education Area. The motivations of these 
various stakeholders in launching the Bologna process, as well as their 
respective objectives, however, vary. Governments are first and fore-
most interested in the impact of higher education co-operation on eco-
nomic growth. For higher education institutions, the key concern lies 
in enhancing quality and hence their competitiveness, and preserving 
governmental commitment to education as a public good. The main 
concerns of students in the Bologna process have been two-fold: that 
of equity of access to higher education and student welfare on the one 
hand, and the employability of graduates through quality education on 
the other hand. In brief, what all of them have in common is the belief 
that European-wide co-operation in the area of higher education can 
serve as a means towards achieving these objectives. 


6 All Ministerial Communiqués can be found at http://www.bologna-
bergen2005.no/


HE reform is vital for the 
future of Europe


Different motivations for 
different stakeholders







A 1.1-3 Understanding Bologna in context


Creating a European Higher Education Area Perspectives on the Bologna process – past and present


6 BH 1 01 06 09


The Bologna process was initiated by European governments on the 
basis of the realisation that quality higher education was a vital part of 
competitive knowledge economy in an increasingly globalised world. 
The challenges related to globalisation and the new knowledge-driven 
economies were further acknowledged by European governments in 
2000 through the Lisbon Agenda. The Lisbon Agenda, which stated 
the goal of the European Union to become “the most competitive and 
dynamic knowledge-based economy in the world, capable of sustain-
able growth with more and better jobs and social cohesion”, further 
reiterates the importance of (higher) education and training.7 Wishing 
to protect its distinct social welfare model, maintain environmental 
protection, and advance social cohesion across Europe while enhanc-
ing economic growth and employment, the key viable option for 
Europe lay, and still lies, in boosting its higher education sector and 
investing in research and development. The success of this strategy 
has been demonstrated already by the Nordic countries, which have 
managed to combine high economic performance with high standards 
of social and environmental protection. Six years since the signature 
of the Lisbon Convention no better formula has been found: invest-
ment in human potential through higher education and research is vital 
to economic development, while preserving the social model of Euro-
pean societies.


Higher education institutions are the principal producers and dissemi-
nators of knowledge, and hence the key to the “knowledge economy” 
and the “knowledge society”. While the value of knowledge is rising, 
and consequently the demand for knowledge rises, there is also an 
increase in the number of providers of knowledge. European HEIs are 
by now fully aware of the competition in the global market for higher 
education. The key to being successful in this competition lies in the 
quality of education provided and how well this quality can be mar-
keted. One important way to improve quality is through higher educa-
tion partnerships and mobility programmes, as these lead to compari-
sons between various aspects of education provision, their evaluation, 
and improvement through the sharing of best practice8. Higher educa-
tion institutions saw an enhanced opportunity in the Bologna process 
to build such Europe-wide academic co-operation, which would facili-
tate the inclusion of students, researchers, teachers and administrators 
into a European higher education community, giving them access to 
information and a forum to exchange knowledge. The awareness of 
the importance of such co-operation is as present today as it was back 


7 For more on the Lisbon Agenda see Council of Ministers (2000), Presidency 
Conclusions from the Lisbon European Council, at http://ue.eu.int/ueDocs/ 
cms_Data/docs/pressData/en/ec/00100-r1.en0.htm.


8 For further discussion on the importance of mobility for improving quality, 
please see Wuttig, Siegbert, article B 3.1-1 of this Handbook.
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in 1999. Participating in the Bologna process and getting the Bologna 
“seal of approval” through Ministerial stocktaking and other reports is 
increasingly used by higher education institutions (and countries) as a 
“quality certificate”. Of course the true value of the Bologna process 
remains in real reforms on the ground in individual institutions, but 
the impact of the ‘Bologna brand’ should not to be understated, espe-
cially in view of attractiveness of European higher education market.


Students have generally accepted the objectives of the Bologna proc-
ess, as put forward by governments and higher education institutions. 
The governmental objective of raising employability in the knowledge 
economy, and the desire expressed by HEIs to improve quality 
through Europe-wide co-operation were directly relevant to the par-
ticular needs and expectations of students.9 However, from the very 
launch of the Bologna process and the Bologna Declaration itself, 
students have expressed their concerns about trends toward the 
“commodification” of higher education, which appears to be strength-
ened through a strong focus on the economic and market value of 
higher education.10 In particular, students have been concerned about 
potential side effects the Bologna process may have on the social di-
mension{ XE "social dimension" } in higher education: access to 
higher education, mobility schemes, and general student welfare. 
ESIB’s policy paper describes well how students see the social dimen-
sion in higher education ‘as the struggle for the creation of democratic 
and inclusive higher education and the struggle for the promotion of 
student well-being’.11 The policy paper further elaborates that “de-
mocratic and inclusive higher education means allowing people to 
access it on an equitable basis” and that “[t]he promotion of student 
well-being means creating a social environment that guarantees all the 
necessary provisions to ensure that the students are able to excel in 
their studies and to become active citizens”.12


9 See EUA (2001), Salamanca Declaration, http://www.eua.be 
10 See ESIB (1999), Bologna Joint Students Declaration, prepared by ESIB on 
the 19th June 1999 in Bologna on the occasion of the signature of the Bologna 
Declaration. It can be obtained at http://www.esib.org/.
11 ESIB (2001), Brussels Student Declaration from the 3rd European Student 
Convention, see http://www.esib.org/.
12 Ibid.
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Furthermore, ESIB - representing students in the Bologna process -
warned in its “Bologna Students Declaration” (1999) that a proper 
information campaign was needed to prevent “unnecessary opposition 
and confusion”.13 The concern about the proper implementation of the 


instruments agreed on in the Bologna Declara-
tion and the subsequent Communiqués contin-
ues. ESIB’s “The Black Book of the Bologna 
Process” provides a number of examples where 
reforms were inadequate or simply wrong.14


Implementation of ECTS and the reform of 
curricula in view of the new degree systems 
are some of the prominent examples of areas 
where problems in implementation have oc-
curred. Of even greater concern is the rather 
slow substantive reform of the curricula to 
better meet the current trends and needs of the 
knowledge economy in terms of knowledge 
and skills. A systematic focus on skill devel-
opment and the definition of skills in expected 
learning outcomes are particularly underdevel-
oped. Another area for further improvement is 
that of doctoral studies, in particular in terms 
of offering doctoral students supportive re-
search facilities and of making mobility an 
inherent part of their research experience. An 
overall challenge still lies in the consolidation 
of quality assurance mechanisms at national 
level. These problems are not necessarily due 


to a lack of willingness on the part of institutions and governments to 
undertake the necessary reforms, but rather to a lack of knowledge and 
experience regarding how to undertake them. 


Finally, student involvement in higher education policy and decision-
making most often ends up making demands: on higher education 
institutions regarding what they should deliver; on governments to 
fund their education; on industry to come up with jobs and recognise 
their qualifications. However legitimate these demands may be, with 
them also come responsibilities. One student responsibility is to take 
an active part in the learning process. This includes being proactive in 
seeking knowledge and seeking out opportunities to gain further skills 
through study, extracurricular activities and employment. It is each 
student’s responsibility to plan consciously their career paths, includ-
ing the knowledge and skills they might need in addition to what their 
study programme offers. It is also the students’ responsibility to man-


13 See ESIB (1999), Bologna Joint Students Declaration.
14 See ESIB (2005), The Black Book of the Bologna Process, see 
http://www.esib.org/.
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date those among them (the very few) interested in student affairs to 
represent them in higher education bodies, to maintain at least a 
minimum interest in the ongoing higher educational reforms, and sup-
port their student reps when action is needed. 


4. Meeting the expectations of a “Bologna” 
student


Most of the reforms in higher education will require time and substan-
tial effort by higher education institutions especially, but also by gov-
ernments. There are, however, a number of small improvements that 
can be made in a relatively short space of time that may have a con-
siderable impact on one of the key concerns of “Bologna” students -
their employability15. These reforms encompass in particular skills 
developmentand career guidance. These two aspects are crucial to 
student employability as well as job performance. Through a system-
atic focus on skills development, students will not only be more able 
to find jobs showing what they can do, they will also perform better at 
the workplace, be more mobile within the job market, and better pre-
pared for learning throughout their lifetimes. 


Having well developed career services within HEIs is another impor-
tant aspect of improving students’ employability, as it is a vital aspect 
of the overall quality mark of the institution. Ideally, every higher 
education institution should have a centralised “career office” where 
information on open vacancies, skills development and recruitment 
process would be available.16 Career services should also be able to 
give advice to individual students on how to identify preferred career 
paths and the qualifications needed, and how to match these with op-
portunities available on the labour market.


Skills that can be developed during higher education can be divided 
into two main categories. The first are practical skills that are pertinent 
to a particular profession (e.g. accounting, medicine, acting, etc.), and 
are likely to be included in the particular professional study pro-
gramme through mandatory practical training. Most effectively, this 
practical training is conducted in partnership with the employers who 


15 For full discussions on employability from two further perspectives, please 
see Yorke, Mantz, article B 1.4-1 and Vukasovic, Martina, article B 1.4-2 in this 
Handbook.
16 Useful information about career services at higher education institutions can 
be obtained from AGCAS (The Association of Graduate Careers Advisory 
Services (AGCAS) at http://www.agcas.org.uk/.
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can give the “trainees” first-hand practical experience. The second 
category of skills encompasses what we often refer to as ‘transferable 
skills’ (for examples see below). These are skills that are acquired 
during different activities in life and can be applied in different work 
situations. Some of these skills are based on an inherent talent that 
may turn into skills through training. Others are acquired completely 
anew. These transferable skills are considered as crucial to the job 
performance of the individual, regardless of the area of work, and are 
consequently increasingly sought out by the employers in the recruit-
ment process. 


Transferable skills that employers seek and that higher education institutions can/should 
assist students in developing:17


 intellectual skills, such as the ability to analyse, evaluate, and synthesize; to reflect critically, to 
identify and solve to engage in lateral thinking; to gather, organise and deploy information; and 
‘numeracy’ (statistical skills, data handling);


 communication skills (written and oral);


 organisational skills, such as working independently, management of time and resources, project 
management;


 interpersonal skills, such as team-work, working with or motivating others, flexibility/adaptability, 
leadership skills;


 intercultural skills (understanding other cultures and ability to work in an intercultural 
environment);


 research skills;


 computer literacy;


 foreign language skills.


Handout A 1.1-3-1 Transferable skills


All people possess some skills. One can, however, only achieve excel-
lence in a number of them through systematic training and reflective 
“learning by doing”. Here then is a role for higher education institu-
tions in this area. In a higher education environment, transferable 
skills can be developed through the study process and through system-
atic and specific training. Indeed, many of the transferable skills can 
be simply a by-product of a regular academic activity. Through lec-


17 This information is adopted from the Education Section at the University of 
Cambridge. More information on the campaing to promote transferable skills 
among undergraduate students can be obtained at http://www.admin.cam.ac. 
uk/offices/education/learning/tskills/.


Learning by doing







Understanding Bologna in context A 1.1-3


Perspectives on the Bologna process – past and present Creating a European Higher Education Area


BH 1 01 06 09 11


tures, reading material, essay and thesis writing, students assimilate 
new knowledge, evaluate it and explore ways to apply it in different 
settings. Similarly, interpersonal skills such as team-work can be de-
veloped through group exercises or team projects. The students will 
only, however, be fully able to excel in these skills if the skills devel-
opment is an integral part of the course design and also appropriately 
monitored, and supported through additional training where needed. 


Skills, hence, should not be considered only as welcome by-product of 
the study process, but should systematically be built in, along with 
knowledge acquisition, to programme planning and the definition of 
learning outcomes. Hence, it is not enough to say that writing skills 
are developed through essay assignments within a programme, if the 
feedback on the essays does not include ways to improve the writing. 
Another important example of skills development through course 
work can be offering courses in foreign languages, in addition to the 
separate foreign language courses. This can be among the most effec-
tive ways for improving foreign language skills for students without 
going abroad. Student mobility, on the other hand, facilitates devel-
opment of a whole range of skills from foreign language to intercul-
tural and interpersonal development.


Most HEIs offer courses in foreign languages and in information tech-
nology, which are valuable. However, higher education institutions 
should also consider offering courses in other useful transferable 
skills. Learning how to make effective presentations, how to develop 
academic writing skills, how to manage interpersonal relationships, 
how to negotiate, or to manage time are equally important for personal 
development and employability. Another important set of research 
skills should also be systematically taught specifically for research 
students. These encompass a whole array of different abilities: from 
developing a research plan, being able to use library and internet re-
sources, and writing academic papers, to the more specific discipli-
nary understanding of how to use particular methods of data acquisi-
tion and analysis. 


Skills development should be an integral part of institutional quality 
assurance policy. As the UK QAA Code of Practice suggests, each 
institution “should make clear to prospective and present students how 
their skills and knowledge acquired through the study are intended to 
be of use in their career development”.18 Unlike some other Bologna 
related reforms, such as curricula modernisation or setting up mobility 
schemes, these improvements take relatively less time, effort and re-


18 Code of practice for the assurance of academic quality and standards in 
higher education can be found at http://www.qaa.ac.uk/academicinfrastructure/
codeOfPractice/default.asp. For more information see the website of the UK 
Quality Assurance Agency at http://www.qaa.ac.uk/.
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sources. For example, offering skills development courses should not 
necessarily mean hiring outside consultants if financial resources are 
limited (which they usually are). Basic training does not need much 
specialist knowledge and can, with some preparation, easily be con-
ducted by a suitable local teacher from another subject area. Alterna-
tively, as many institutions do, such trainings can be conducted in 
partnership with and through support of potential employers, espe-
cially management consultancy and advertising firms. Many student 
societies, for example debating societies, AIESEC19 or the European 
Law Students Association (ELSA)20, include skills development train-
ing. These activities should be recognised, promoted and supported by 
individual HEIs as offering important and complementary skills de-
velopment opportunities to their students. Finally, there is of course 
always an option to allow external trainers to offer the courses within 
the institution. In this case, subsidising students to enable access must 
be considered. 


It is the responsibility of higher education institutions to make stu-
dents aware of the importance of skills for their personal and profes-
sional development. They should be informed about the various op-
portunities available within the institution, as well as encouraged to 
take part in mobility schemes and extracurricular activities to com-
plement their studies. However, students are ultimately solely respon-
sible for whether they make the effort to develop these skills or not. 
The institutional policy on skills development requires co-operation 
across the institution, notably between academics delivering pro-
grammes and the career service trying to facilitate student employabil-
ity. An interesting example of a campaign to promote transferable 
skills among undergraduate students, conducted in co-operation be-
tween the university’s education section and the career service, can be 
found at Cambridge University, which developed a promotional leaflet 
on this topic.21


Finally, skills development is not only important for students, but is 
equally important for the personal and professional development of 


19 See http://www.aiesec.org/
20 See http://www.elsa.org/
21 The campaign for transferable skills was commissioned by the Education 
Section at the University of Cambridge. More information can be found at 
http://www.admin.cam.ac.uk/offices/education/learning/tskills/. An interactive 
guide on transferable skills, designed by CARET (Centre for Applied Research 
in Educational Technologies) at the University, can be found at 
http://www.caret.cam.ac.uk/transkills/. A complementary guide was prepared 
by the University of Cambridge Career Service under the name ‘What has 
Cambridge done for me?’ to assists student in describing to the employers 
what they have learned at Cambridge in terms of skills. The guide can be 
found at http://www.careers.cam.ac.uk/students/work/cambskills.asp. 
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academic and administrative staff at the higher education institution, 
and therefore also to the overall quality assurance efforts of that insti-
tution. It should thus be also made available to these staff members.22


Particular emphasis should be given to developing the “educational 
skills” of the academic staff, such as didactic methods, mentoring, 
supervision and assessment techniques. Management skills, such as 
research project management, financial management, negotiating 
skills are also important for academics involved in cooperative pro-
jects either with industry or other higher education institutions.


22 For examples see the Personnel Division at the University of Cambridge at 
http://www.admin.cam.ac.uk/offices/personnel/staffdev/list.shtml.
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5. Conclusion


This article argues that seven years after the signature of the Bologna 
Declaration, the key ideas behind establishing the European Higher 
Education Area are as compelling as back in 1999. The idea of turning 
Europe into the most competitive knowledge economy in the world is 
still alive, although far from being reached. As part of the ongoing 
globalisation process, competition not only from the US but increas-
ingly also from rising Asian economic powers continues to press 
European governments to implement policy measures to boost slug-
gish European economies. Higher education, research and develop-
ment are high on the list of instruments that can give Europe a much 
needed economic boost. Not many of these governments’ stated be-
liefs in the importance of education and research have as yet been 
translated into significant financial injections. Higher education insti-
tutions are still struggling with limited financial, material and human 
resources to meet rising demand and competition from abroad. Em-
ployers are still complaining that graduates entering the labour market 
do not possess the necessary skills, and Bologna students themselves 
are wondering whether they are able to match their counterparts in
other regions in the world.


Nevertheless, some progress in improving the quality of European 
higher education and in enhancing mobility has certainly has been 
made. The credit for this undoubtedly goes, at least in part, to the in-
creasing co-operation across the European academic community as 
part of the Bologna process. This process has been by now widely 
recognised at all levels within HEIs, and is associated with a joint 
European effort to reform European higher education, notably in es-
tablishing comparable degree systems, a credit transfer system and 
improved instruments for the recognition of qualifications. All of these 
support inter-institutional mobility and partnership, leading to the 
sharing of best practice in educational reforms and to quality im-
provement at individual and collective levels. 


However, work still remains to be done. From the student perspective, 
the key problem areas still lie in the area of quality, be that the mod-
ernisation of curricula, the lack of learner-focused teaching, or of no 
systematic skills development. All of these seriously jeopardise stu-
dent employability and their performance in the workplace. Another 
point of concern remains the financing of higher education and related
questions of access and student welfare.


In brief, the two top concerns of Bologna students and prospective 
students remain employability and access to education. Students –
current and prospective – and those already in employment are asking 
themselves: how employable am I in the increasingly global labour 
market of the 21st century? How prepared am I to work in a world 
where knowledge becomes outdated faster than ever, and where the 
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problem with information is not scarcity but overload and question-
able accuracy? Am I up to speed? Will I be able to afford higher edu-
cation? 


Reforms take time and effort, and can only be successful if undertaken 
jointly by all key parties in the higher education community. The Bo-
logna process provides a framework for co-operation between gov-
ernments, higher education institutions and students across Europe, 
each bringing specific perspectives to the process and each playing a 
vital role in the implementation of common objectives. Higher educa-
tion is of strategic importance for the future of Europe as a “knowl-
edge economy” and a “knowledge society”; it therefore also a public 
responsibility to provide it with adequate support. 
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HOW TO GIVE A GOOD
PRESENTATION







WHY BOTHER GIVING A GOOD TALK?
First impressions matter!
There’s no point doing good work if others don’t 
know about it or can’t understand what you did.
Good practice for a teaching career! Good practice 
for any career!
Helps you sort out what you’ve done, and 
understand it better yourself.







TYPES OF PRESENTATIONS


Quick 1-minute “what I do” talk
25 minute conference paper presentation
Project presentation
Thesis defense
Job talk


What they have in common:
Never enough time to talk about everything
All of them reflect on you & need practice/polish
Focus on a clear goal and message.  







TOP 10 POINTERS FOR A GOOD TALK


1. Be neat


2. Avoid trying to cram too much into one slide
Don’t be a slave to your slides.


3. Be brief 
use keywords rather than long sentences


4. Avoid covering up slides


5. Use a large font







TOP 10 POINTERS FOR A GOOD TALK


6. Use color to emphasize


7. Use illustrations to get across 
key concepts


May include limited animation


8. Make eye contact


9. Be ready to skip slides if time is short


10. Practice !!







A “TYPICAL” PROJECT TALK OUTLINE


Title/author/affiliation (1 slide) 
Forecast (1 slide)
Give gist of problem attacked and 
insight found 
Outline (1 slide)
Background


Motivation and Problem 
Statement (1-2 slides)
Related Work (0-1 slides)
Methods (1-3 slides)
Explain your approach; illustrate 
algorithm 


Who am I?


What is the problem?


Why is it important?


What have others done?


What is my approach?







A “TYPICAL” PROJECT TALK OUTLINE


Results (2-6 slides)
Present key results and key insights. This is 
main body of the talk, but don’t try to show ALL 
results.
Summary (1 slide) 
Future Work (0-1 slides)
Backup Slides (0-3 slides)
Optionally have a few slides ready to answer 
expected questions. 


3 Things to Remember!







OTHER THINGS TO CONSIDER


Oral communication is different from written 
communication


Keep it simple and focus on a few key points
Repeat key insights


Be sensitive to your audience
The same talk may need to be adjusted for a different 
audience


Make the audience want to learn more
Handling Q&A is as important as the formal talk 
itself







HOW TO IMPROVE?
Practice by yourself
Practice in front of friends
Practice in front of a webcam  


Watch footage later… alone… as painful as that may 
be!


Take note of effective speakers and adopt their 
successful habits







THE BIGGER PICTURE: 
COMMUNICATION AND YOUR CAREER


Expressing yourself technically 
helps you make and use 
professional connections wisely


You are joining a long-term 
community…


Communicate your ideas to forge 
mentoring and technical 
relationships in the service of 
professional goals
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A 
 
Absolute risk: the proportion of a population expected to get a disease over a specified 
time period.  


Absorbed dose:  the amount of energy deposited by ionizing radiation in a unit mass of 
tissue. It is expressed in units of joule per kilogram (J/kg), and called “Gray” 
(GyActinides: elements in the periodic table with atomic numbers from 90 to 103 (thorium 
to lawrencium); i.e., elements with a higher atomic number than actinium, which has an 
atomic number of 89. These are also called "rare earth metals." They include most of the 
well-known elements found in nuclear reactions. Actinides with atomic numbers higher 
than 92 do not occur naturally but are produced artificially by bombarding other elements 
with particles. Some of the actinides include plutonium, curium, and californium. 


 


Activity (radioactivity): the property of certain nuclides of emitting radiation by spontaneous 
transformation of their nuclei. Various units of (radio)activity have been used 
including curie (1 Ci = 3.7 x 1010 disintegrations per second) and becquerel ( 1 Bq = 1 
disintegration per second).  


Acute exposure: an exposure to radiation that occurred in a matter of minutes rather than 
in longer, continuing exposure over a period of time.  


 Acute Radiation Syndrome (ARS): The Acute Radiation Syndrome (ARS) is also known as 
Radiation Sickness. A person exposed to radiation will develop ARS only if the radiation 
dose was high, penetrating (e.g., x-rays or gamma rays), encompassed most or all of the 
body, and was received in a short period of time. Clinical severity of the four 
subsyndromes of ARS (hematopoietic, cutaneous, gastrointestinal, and neurovascular) will 
vary with dose and host factors (e.g., young or old age, immunosuppression, and medical 
co-morbidity--especially extensive trauma and burns). 


Air burst: a nuclear weapon explosion that is high enough in the air to keep the fireball from 
touching the ground. Because the fireball does not reach the ground and does not pick up 
any surface material, the radioactivity in the fallout from an air burst is relatively 
insignificant compared with a surface burst.  


Air kerma: the initial kinetic energy of the primary ionizing particles (photoelectrons, 
Compton electrons, positron/negatron pairs from photon radiation, and scattered nuclei 
from fast neutrons) produced by the interaction of the incident uncharged radiation in a 
small volume of air, when it is irradiated by an x-ray beam. Unit of measure is Gray.  


 ALARA: acronym for "As Low As Reasonably Achievable," means making every 
reasonable effort to maintain exposures to ionizing radiation as far below the dose limits as 
practical. This is a key principle in radiation protection and safety. 


Alpha particle: (Animation) the nucleus of a helium atom, made up of two neutrons and 
two protons with a charge of +2. Certain radioactive nuclei emit alpha particles. Alpha 
particles generally carry more energy than gamma rays or beta particles, and deposit that 



https://www.remm.nlm.gov/dictionary.htm#ionizingradiation

https://www.remm.nlm.gov/dictionary.htm#gray

https://www.remm.nlm.gov/dictionary.htm#curie

https://www.remm.nlm.gov/dictionary.htm#becquerel

https://www.remm.nlm.gov/ars.htm

https://www.remm.nlm.gov/dictionary.htm#xray

https://www.remm.nlm.gov/dictionary.htm#gammaray

https://www.remm.nlm.gov/ars.htm

https://www.remm.nlm.gov/ars.htm

https://www.remm.nlm.gov/ars.htm#heme

https://www.remm.nlm.gov/ars.htm#cutaneous

https://www.remm.nlm.gov/ars.htm#Gastrointestinal

https://www.remm.nlm.gov/ars.htm#Neurovascular

https://www.remm.nlm.gov/radtrauma.htm

https://www.remm.nlm.gov/burns.htm

https://www.remm.nlm.gov/dictionary.htm#fallout

https://www.remm.nlm.gov/dictionary.htm#surfaceburst

https://www.remm.nlm.gov/dictionary.htm#gray

https://www.remm.nlm.gov/alpha_animation.htm

https://www.remm.nlm.gov/dictionary.htm#neutron

https://www.remm.nlm.gov/dictionary.htm#proton

https://www.remm.nlm.gov/dictionary.htm#gammaray

https://www.remm.nlm.gov/dictionary.htm#betaparticle





energy very quickly while passing through tissue. Alpha particles can be stopped by a thin 
layer of light material, such as a sheet of paper, and cannot penetrate the outer, dead layer 
of skin (Illustration). Therefore, they do not damage living tissue when outside the body. 
When alpha-emitting atoms are inhaled or swallowed, however, they are especially 
damaging because they transfer relatively large amounts of ionizing energy to living cells.  


 Ambient air: the air that surrounds us. 


Americium (Am): a silvery metal; it is a man-made element whose isotopes Am-237 
through Am-246 are radioactive. Am-241 is formed spontaneously by the beta decay of 
plutonium-241. Trace quantities of americium are widely used in smoke detectors and as 
neutron sources in neutron moisture gauges. 


Assigned Protection Factor: Assigned Protection Factor (APF) means the workplace level 
of respiratory protection that a respirator or class of respirators is expected to provide to 
employees enrolled in a continuing, effective respiratory protection program.  


Atom: the smallest particle of an element that can enter into a chemical reaction. 


Atomic number: the total number of protons in the nucleus of an atom. 


Atomic mass unit (amu): 1 amu is equal to one twelfth of the mass of a carbon-12 atom. 


Atomic mass number: the total number of protons and neutrons in the nucleus of an atom. 


Atomic weight: the mass of an atom, expressed in atomic mass units. For example, the 
atomic number of helium-4 is 2, the atomic mass is 4, and the atomic weight is 4.00026. 


B 
Background radiation: ionizing radiation from natural sources, such as terrestrial 
radiation due to radionuclides in the soil or cosmic radiation originating in outer space. 


Becquerel (Bq): (Animation) the amount of a radioactive material that will undergo one 
decay (disintegration) per second. For more information, see “Primer on Radiation 
Measurement” from CDC. 


Beta burns: Energetic beta particles with high enough specific-activity, if left on the skin 
surface for a sufficient length of time, may cause erythema and dry (or even wet) 
desquamation. These are often called "beta burns." "Beta burns" have been described 
after a nuclear weapon detonation as a consequence of fallout on the skin.  


Beta particles: (Animation) (Image) electrons ejected from the nucleus of a decaying atom. 
Although they can be stopped by a thin sheet of aluminum, beta particles can penetrate 
the dead skin layer, potentially causing burns. They can pose a serious direct or external 
radiation threat and can be lethal depending on the amount received. They also pose a 
serious internal radiation threat if beta-emitting atoms are ingested or inhaled.  


 Bioassay: a measurement of radioactive materials present inside a person’s body through 
analysis of the person’s blood, urine, feces, or sweat. 


Biodosimetry: The use of physiological, chemical or biological markers of exposure of 
human tissues to ionizing radiation for the purpose of reconstructing doses to individuals or 
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populations 


Biological Effects of Ionizing Radiation (BEIR) Reports: reports of the National Research 
Council's committee on the Biological Effects of Ionizing Radiation.  


Biological half-life: the time required for one half of the amount of a substance, such as a 
radionuclide, to be expelled from the body by natural metabolic processes, not counting 
radioactive decay, once it has been taken in through inhalation, ingestion, or absorption. . 


Burn: the partial or complete destruction of skin caused by some form of energy, usually 
thermal energy. 


C 
Carcinogen: a cancer-causing substance. 


Cesium-137 (Cs-137): has a half-life of 30.17 years and decays by beta and gamma 
radiation. Cs-137 is produced by nuclear fission for use in medical devices and gauges 
and is one of the byproducts of nuclear fission processes in nuclear reactors and nuclear 
weapons testing. Small quantities of Cs-137 can be found in the environment from nuclear 
weapons tests that occurred in the 1950s and 1960s and from nuclear reactor accidents, 
such as the Chernobyl power plant accident in 1986, which distributed Cs-137 to many 
countries in Europe. (HHS/CDC) 


Chain reaction: a process that initiates its own repetition. In a fission chain reaction, a 
fissile nucleus absorbs a neutron and fissions (splits) spontaneously, releasing additional 
neutrons. These, in turn, can be absorbed by other fissile nuclei, releasing still more 
neutrons. A fission chain reaction is self-sustaining when the number of neutrons released 
in a given time equals or exceeds the number of neutrons lost by absorption in non-fissile 
material or by escape from the system. 


Chronic exposure: exposure to a substance over a long period of time, possibly resulting in 
adverse health effects. See also acute exposure, fractionated exposure. 


Cobalt (Co): a gray, hard, magnetic, and somewhat malleable metal. Cobalt is relatively 
rare and generally obtained as a byproduct of the production of other metals, such as 
copper. Its most common radioisotope, cobalt-60 (Co-60), is used in radiography and 
medical applications. Co-60 emits beta particles and gamma rays during radioactive 
decay. 


Collective dose:  The sum of the individual doses received in a given time period by a 
specified population from exposure to a specified source of radiation  


Combined injury: physical, thermal, and/or chemical trauma combined with 
radiation exposure at a dose sufficient to diminish the likelihood of overall survival or 
functional recovery. 


Committed dose: a dose that accounts for continuing exposures expected to be received 
over a long period of time (such as 30, 50, or 70 years) from radioactive materials that 
were deposited inside the body.  


Committed dose equivalent (CDE): The dose to a specific organ or tissue that is received 
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from an intake of radioactive material by an individual over a specified time after the intake. 
For radiation protection purposes, the specified time is to the age of 70, which is normally 
taken to be 50 years for a radiation worker and 70 years for a member of the public. 


Committed effective dose equivalent (CEDE): The committed dose equivalent for a given 
organ multiplied by a weighting factor (see the definition of Weighting Factor).  


Concentration: the ratio of the amount of a specific substance in a given volume or mass of 
solution to the mass or volume of solvent. 


Conference of Radiation Control Program Directors (CRCPD): an organization whose 
members represent state radiation protection programs.  


Contamination (radioactive): the deposition of unwanted radioactive material on the 
surfaces of structures, areas, objects, or people where it may be external or internal.  


 Contamination means that radioactive materials in the form of gases, liquids, or solids are 
released into the environment and contaminate people externally, internally, or both. An 
external surface of the body, such as the skin, can become contaminated, and if 
radioactive materials get inside the body through the lungs, gut, or wounds, the 
contaminant can become deposited internally. 


Contamination, fixed: Fixed skin contamination is that which remains after bathing or 
attempted decontamination. Contamination is assumed to be removed by natural 
processes within 336 hours (14 days) after deposition on the skin.  


Contamination, loose: Loose skin contamination is that which is removable by bathing or 
decontamination.  


Controlled area: An area where entry, activities, and exit are controlled to help ensure 
radiation protection and prevent the spread of contamination.  


Cosmic radiation: radiation produced in outer space when heavy particles (nuclei of all 
known natural elements) bombard the earth.  


 Coulomb: the international system (SI) unit of electric charge. A coulomb is the quantity of 
charge passing a cross section of conductor in one second when the current is one 
ampere. 


Criticality: a fission process where the neutron production rate equals the neutron loss rate 
to absorption or leakage. A nuclear reactor is "critical" when it is operating. 


Critical mass: the minimum amount of fissile material that can achieve a self-sustaining 
nuclear chain reaction. 


Cumulative dose: the total dose resulting from repeated or continuous exposures of the 
same portion of the body, or of the whole body, to ionizing radiation.  


Curie (Ci): the traditional measure of radioactivity based on the observed decay rate of 1 
gram of radium. One curie of radioactive materialwill have 37 billion disintegrations in 1 
second.  


Cutaneous Radiation Syndrome (CRS): the complex syndrome resulting from radiation 
exposure of more than 200 rads to the skin. The immediate effects can be reddening and 
swelling of the exposed area (like a severe burn), blisters, ulcers on the skin, hair loss, and 
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severe pain. Very large doses can result in permanent hair loss, scarring, altered skin 
color, deterioration of the affected body part, and death of the affected tissue (requiring 
surgery).. 


D 
Decay chain (decay series): the series of decays that certain radioisotopes go through 
before reaching a stable form. For example, the decay chain that begins with uranium-238 
(U-238) ends in lead-206 (Pb-206) after forming isotopes, such as uranium-234 (U-234), 
thorium-230 (Th-230), radium-226 (Ra-226), and radon-222 (Rn-222). 


Decay constant: the fraction of a number of atoms of a radionuclide that disintegrates in a 
unit of time. The decay constant is inversely proportional to the radioactive half-life. 


Decay products (or daughter products): the isotopes or elements formed and the particles 
and high-energy electromagnetic radiation emitted by the nuclei 
of radionuclides during radioactive decay. Also known as "decay chain products" or 
"progeny" (the isotopes and elements). A decay product may be either radioactive or 
stable.  
 
Decay, radioactive: disintegration of the nucleus of an unstable atom by the release 
of radiation. 


Decontamination (radioactive): the reduction or removal of radioactive contamination from 
a structure, object, or person. 


Decorporation: removal of radioactive isotopes from the body using specific drugs called 
"decorporation agents."  


Depleted uranium: uranium containing less than 0.7% uranium-235, the amount found in 
natural uranium. See also enriched uranium. 


Deposition density: the activity of a radionuclide per unit area of ground. Reported 
as becquerels per square meter or curies per square meter. 


Detector: A device that is sensitive to radiation and can produce a response signal suitable 
for measurement or analysis. A radiation detection instrument.  


Deterministic effect: an effect that can be related directly to the radiation dose received. 
The severity increases as the dose increases. A deterministic effect typically has a 
threshold below which the effect will not occur.  


 Deuterium: a non-radioactive isotope of the hydrogen atom that contains a neutron in 
its nucleus in addition to the one proton normally seen in hydrogen. A deuterium atom is 
twice as heavy as normal hydrogen.  


Dirty bomb: a device designed to spread radioactive material by conventional explosives 
when the bomb explodes. A dirty bomb kills or injures people through the initial blast of the 
conventional explosive and spreads radioactive contamination over possibly a large area—
hence the term “dirty.” Such bombs could be miniature devices or large truck bombs. A 
dirty bomb is much simpler to make than a true nuclear weapon.  



https://www.remm.nlm.gov/dictionary.htm#radioisotope

https://www.remm.nlm.gov/dictionary.htm#radionuclide

https://www.remm.nlm.gov/dictionary.htm#radioactivehalflife

https://www.remm.nlm.gov/dictionary.htm#isotope

https://www.remm.nlm.gov/dictionary.htm#element

https://www.remm.nlm.gov/dictionary.htm#radionuclide

https://www.remm.nlm.gov/dictionary.htm#radioactivedecay

https://www.remm.nlm.gov/dictionary.htm#nucleus

https://www.remm.nlm.gov/dictionary.htm#atom

https://www.remm.nlm.gov/dictionary.htm#radiation

https://www.remm.nlm.gov/dictionary.htm#contamination

https://www.remm.nlm.gov/dictionary.htm#enricheduranium

https://www.remm.nlm.gov/dictionary.htm#radionuclide

https://www.remm.nlm.gov/dictionary.htm#becquerel

https://www.remm.nlm.gov/dictionary.htm#curie

https://www.remm.nlm.gov/dictionary.htm#dose

https://www.remm.nlm.gov/dictionary.htm#isotope

https://www.remm.nlm.gov/dictionary.htm#neutron

https://www.remm.nlm.gov/dictionary.htm#nucleus

https://www.remm.nlm.gov/dictionary.htm#proton

https://www.remm.nlm.gov/dictionary.htm#radioactivematerial

https://www.remm.nlm.gov/dictionary.htm#contamination





 


 Dose (radiation): radiation absorbed by a person’s body. Several different terms describe 
radiation dose. For more information, see “Primer on Radiation Measurement” from CDC. 


Dose coefficient: the factor used to convert radionuclide intake to dose. Usually expressed 
as dose per unit intake (e.g., sieverts per becquerel). 


Dose equivalent:  The product of absorbed dose to a given organ or tissue multiplied by 
a quality factor (also known as a weighting factor [WF]), and then sometimes multiplied by 
other necessary modifying factors, to account for the potential for a biological effect 
resulting from the absorbed dose. (see Quality factor). It is expressed numerically 
in rem (traditional units) or sieverts (SI units). 


Dose rate: the radiation dose delivered per unit of time. 


Dose reconstruction: scientific procedures that assist with 4 activities - managing victims of 
radiation emergencies, such as providing input to decisions on protection of emergency 
workers and members of the public or medical treatment of exposed individuals; providing 
exposed individuals or populations with information about the doses they received; 
investigating dose-response relationships in epidemiologic studies; determining whether 
individuals whose disease might have been induced by radiation qualify for compensation.  


Dosimeter: a small portable instrument (such as a film badge, thermoluminescent 
dosimeter [TLD], or pocket dosimeter) for measuring and recording the total accumulated 
dose of ionizing radiation a person receives. 


Dosimetry: assessment (by measurement or calculation) of radiation dose. 


E 
Effective dose: (Animation) a calculated quantity developed by the ICRP (1991) for 
purposes of radiation protection. The effective dose is assumed to be related to the risk of 
a radiation-induced cancer or a severe hereditary effect. It takes into account: (1) the 
absorbed doses that will be delivered to the separate organs or tissues of the body during 
the lifetime of an individual due to intakes of radioactive materials; (2) the absorbed doses 
due to irradiation by external sources; (3) the relative effectiveness of different radiation 
types in inducing cancers or severe hereditary effects; (4) the susceptibility of individual 
organs to develop a radiation-related cancer or severe hereditary effect; (5) considerations 
of the relative importance of fatal and non-fatal effects; and, (6) the average years of life 
lost from a fatal health effect. (HPS 005-3) Thus, the effective dose is a quantity calculated 
by multiplying the equivalent dose received by every significantly irradiated tissue in the 
body by a respective tissue weighting factor (this factor reflects the risk of radiation-
induced cancer to that tissue) and summing together the individual tissue results to obtain 
the effective dose. Such a dose, in theory, carries with it the same risk of cancer as would 
an equal equivalent dose delivered uniformly to the whole body 


Effective half-life: the time required for the amount of a radionuclide deposited in a living 
organism to be diminished by 50% as a result of the combined action of radioactive 
decay and biological elimination. See also biological half-life, decay constant, radioactive 
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half-life. 


Electromagnetic radiation: A traveling wave motion that results from changing electric and 
magnetic fields. Types of electromagnetic radiation range from those of short wavelength, 
like x-rays and gamma rays, through the ultraviolet, visible, and infrared regions, to radar 
and radio waves of relatively long wavelengths.  


Electron: an elementary particle with a negative electrical charge and a mass 1/1837 that 
of the proton. Electrons surround the nucleus of an atom because of the attraction between 
their negative charge and the positive charge of the nucleus. A stable atom will have as 
many electrons as it has protons. The number of electrons that orbit an atom determine its 
chemical properties.  


Electron volt (eV): a unit of energy equivalent to the amount of energy gained by 
an electron when it passes from a point of low potential to a point one volt higher in 
potential. 


Element: 1) all isotopes of an atom that contain the same number of protons. For example, 
the element uranium has 92 protons, and the different isotopes of this element may contain 
134 to 148 neutrons. 2) In a reactor, a fuel element is a metal rod containing the fissile 
material. 


Emergency Planning Zone (EPZ): the area surrounding a nuclear power plant for which 
plans required by the NRC have been made in advance to ensure that prompt and 
effective actions are taken to protect the health and safety of the public in case of an 
incident. There is a plume exposure pathway EPZ which extends about 10 miles in radius 
around a plant. Its primary concern is the exposure of the public to, and the inhalation of, 
airborne radioactive contamination. The ingestion pathway EPZ extends about 50 miles in 
radius around a plant. Its primary concern is the ingestion of food and liquid that is 
contaminated by radioactivity. 


Enriched uranium: uranium in which the proportion of the isotope uranium-235 has been 
increased by removing uranium-238 mechanically. See also depleted uranium. 


Epidemiology: the study of the distribution and determinants of health-related states or 
events in specified populations; and the application of this study to the control of health 
problems. 


Epoetin: a recombinant version of human erythropoietin. 


Event (planned event): Examples: a scheduled nonemergency activity (e.g., sporting 
event, concert, parade, training exercise, large convention, fair, large gathering, etc.). 
Exposure (radiation): a measure of ionization in air caused by x-rays or gamma rays only. 
The unit of exposure most often used is the roentgen. See also contamination. 


Exposure pathway: a route by which a radionuclide or other toxic material can enter the 
body. The main exposure routes are inhalation, ingestion, absorption through the skin, and 
entry through a cut or wound in the skin. 


Exposure rate: a measure of the ionization produced in air by x-rays or gamma rays per 
unit of time (frequently expressed in roentgens per hour). 


External irradiation (or external exposure): External irradiation occurs when all or part of 



https://www.remm.nlm.gov/dictionary.htm#radioactivehalflife

https://www.remm.nlm.gov/dictionary.htm#proton

https://www.remm.nlm.gov/dictionary.htm#nucleus

https://www.remm.nlm.gov/dictionary.htm#atom

https://www.remm.nlm.gov/dictionary.htm#electron

https://www.remm.nlm.gov/dictionary.htm#isotope

https://www.remm.nlm.gov/dictionary.htm#atom

https://www.remm.nlm.gov/dictionary.htm#proton

https://www.remm.nlm.gov/dictionary.htm#fissilematerial

https://www.remm.nlm.gov/dictionary.htm#fissilematerial

https://www.remm.nlm.gov/dictionary.htm#isotope

https://www.remm.nlm.gov/dictionary.htm#depleteduranium

https://www.remm.nlm.gov/dictionary.htm#ionization

https://www.remm.nlm.gov/dictionary.htm#xray

https://www.remm.nlm.gov/dictionary.htm#gammaray

https://www.remm.nlm.gov/dictionary.htm#roentgen

https://www.remm.nlm.gov/dictionary.htm#contamination

https://www.remm.nlm.gov/dictionary.htm#radionuclide

https://www.remm.nlm.gov/dictionary.htm#inhalation

https://www.remm.nlm.gov/dictionary.htm#ingestion

https://www.remm.nlm.gov/dictionary.htm#ionization

https://www.remm.nlm.gov/dictionary.htm#xray

https://www.remm.nlm.gov/dictionary.htm#gammaray

https://www.remm.nlm.gov/dictionary.htm#roentgen





the body is exposed to penetrating radiation from an external source. During exposure, this 
radiation can be absorbed by the body or it can pass completely through. A similar thing 
occurs during an ordinary chest x-ray. Following external exposure, an individual is not 
radioactive and can be treated like any other patient. Gamma or photon radiation exposure 
from a terrorist nuclear event or radiation dispersal device would make the victim at risk for 
Acute Radiation Syndrome, depending on the dose received 


F 
Fallout, nuclear: minute particles of radioactive debris that descend slowly from the 
atmosphere after a nuclear explosion.  


First receiver: Healthcare workers in a hospital or other facility where victims arrive for 
treatment. First receivers provide medical care at locations remote from the incident and 
not at the site of a hazardous materials release. Since victims may arrive for treatment still 
contaminated with hazardous materials, first receivers must also protect themselves by 
putting on appropriate PPE before delivering medical care.  


First responder: An individual responsible for protecting and preserving life, property, 
evidence, or the environment during the earliest stages of a mass casualty event or other 
emergency. First responders generally work at or near the incident site.  


Fissile material: any material in which neutrons can cause a fission reaction. The three 
primary fissile materials are uranium-233, uranium-235, and plutonium-239. 


Fission (fissioning): the splitting of a nucleus into at least two other nuclei that releases a 
large amount of energy. Two or three neutronsare usually released during this 
transformation.  


Fluorescent in situ hybridization (FISH): a cytogenetic technique used to detect and 
localize the presence or absence of specific DNA sequences on chromosomes.  


Fractionated exposure: exposure to radiation that occurs in several small acute exposures, 
rather than continuously as in a chronic exposure. 


Fusion: a reaction in which two lighter nuclei unite to form a heavier one, releasing energy 
in the process. Reactions of this type are responsible for the release of energy in stars or 
in thermonuclear devices. 


G 
Gamma rays: (Image) (Animation) high-energy electromagnetic radiation emitted by 
certain radionuclides when their nuclei transition from a higher to a lower energy state. 
These rays have high energy and a short wave-length. All gamma rays emitted from a 
given isotope have the same energy, a characteristic that enables scientists to identify 
which gamma emitters are present in a sample. Gamma rays penetrate tissue farther than 
do beta or alpha particles but leave a lower concentration of ions in their path to potentially 
cause cell damage. Gamma rays are very similar to x-rays. See also neutron. 


Geiger counter: a radiation detection and measuring instrument consisting of a gas-filled 
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tube containing electrodes, between which an electrical voltage but no current flows. 
When ionizing radiation passes through the tube, a short, intense pulse of current passes 
from the negative electrode to the positive electrode and is measured or counted. The 
number of pulses per second measures the intensity of the radiation field. Geiger counters 
are the most commonly used portable radiation detection instruments. 


Genetic effects: hereditary effects (mutations) that can be passed on through reproduction 
because of changes in sperm or ova.  


Gray (Gy): The new international system (SI) unit of radiation dose, expressed as 
absorbed energy per unit mass of tissue. The SI unit "Gray" has replaced the older "rad" 
designation. (1 Gy = 1 joule/kilogram = 100 rad). Gray can be used for any type of 
radiation (e.g., alpha, beta, neutron, gamma), but it does not describe the biological effects 
of different radiations. Biological effects of radiation are measured in units of "Sievert" (or 
the older designation "rem"). Sievert is calculated as follows: Gray multiplied by the 
"radiation weighting factor" (also known as the "quality factor") associated with a specific 
type of radiation. 


H 
Half-life: the time any substance takes to decay by half of its original amount.  


 Health physics: a scientific field that focuses on protection of humans and the environment 
from radiation. Health physics uses physics, biology, chemistry, statistics, and electronic 
instrumentation to help protect individuals from any damaging effects of radiation.  


High-Efficiency Particulate Air Filter (HEPA): a filter that is at least 99.97% efficient in 
removing monodisperse particles of 0.3 micrometers in diameter. The equivalent NIOSH 
42 CFR 84 particulate filters are the N100, R100, and P100 filters.  


High-level radioactive waste: the radioactive material resulting from spent nuclear fuel 
reprocessing. This can include liquid waste directly produced in reprocessing or any solid 
material derived from the liquid waste having a sufficient concentration of fission . Other 
radioactive materials can be designated as high-level waste if they require permanent 
isolation. This determination is made by the U.S. Nuclear Regulatory Commission on the 
basis of criteria established in U.S. law. See also low-level waste, transuranic waste. 


Highly enriched uranium (HEU): uranium that is enriched to above 20% uranium-235 (U-
235). Weapons-grade HEU is enriched to above 90% in U-235.  


Hot spot: any place where the level of radioactive contamination is considerably greater 
than the area around it. 


I 
Immediately Dangerous to Life or Health (IDLH): A level of exposure to airborne 
contaminants likely to cause (1) death; (2) immediate or delayed permanent adverse 
health effects; or (3) prevent escape from such an environment. IDLH values are 
considered a maximum level above which only a highly reliable breathing apparatus 
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providing maximum worker protection is permitted.  


Incident (unplanned event): Examples: An occurrence or event, natural or manmade that 
requires a response to protect life or property. Incidents can include major disasters, 
emergencies, terrorist attacks, terrorist threats, civil unrest, wild land and urban fires, 
floods, hazardous materials spills, nuclear accidents, aircraft accidents, earthquakes, 
hurricanes, tornadoes, tropical storms, tsunamis, war-related disasters, public health and 
medical emergencies, and other occurrences requiring an emergency response.  


Incorporation: Incorporation refers to the uptake of radioactive materials by body cells, 
tissues, and target organs such as bone, liver, thyroid, or kidney. In general, radioactive 
materials are distributed throughout the body based upon their chemical properties. 
Incorporation cannot occur unless contamination has occurred. Incorporation is also called 
internal contamination. (REAC/TS) 


Ingestion: 1) the act of swallowing; 2) in the case of radionuclides or chemicals, swallowing 
radionuclides or chemicals by eating or drinking. 


Inhalation: 1) the act of breathing in; 2) in the case of radionuclides or chemicals, breathing 
in radionuclides or chemicals. 


Internal exposure: exposure to radioactive material taken into the body. 


Inverse square law: the relationship that states that electromagnetic radiation intensity is 
inversely proportional to the square of the distance from a point source.  


Iodine: a nonmetallic solid element. There are both radioactive and non-
radioactive isotopes of iodine. Radioactive isotopes of iodine are widely used in medical 
applications. Radioactive iodine is a fission product and is the largest contributor to 
people’s radiation dose after an accident at a nuclear reactor. 


Ion: an atom that has fewer or more electrons than it has protons, causing it to have an 
electrical charge and, therefore, be chemically reactive. 


Ionization: (Animations) the process of adding one or more electrons to, or removing one 
or more electrons from, atoms or molecules, thereby creating ions. High temperatures, 
electrical discharges, or nuclear radiation can cause ionization. 


Ionizing radiation: any radiation capable of displacing electrons from atoms, thereby 
producing ions. High doses of ionizing radiation may produce severe skin or tissue 
damage. See also alpha particle, beta particles, gamma rays, neutron, x-ray. [Illustration] 


Iridium-192: A gamma-ray emitting radioisotope used for gamma radiography. The half-life 
is 73-83 days.  


Irradiation: exposure to radiation. 


Isotope: a nuclide of an element having the same number of protons but a different number 
of neutrons. 


K 
Kerma: the initial kinetic energy of the primary ionizing particles (photoelectrons, Compton 
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electrons, positron/negatron pairs from photon radiation, and scattered nuclei from fast 
neutrons) produced by the interaction of the incident uncharged radiation, per unit mass of 
interacting medium. Unit of measure is gray.  


 Kiloton (Kt): the energy of an explosion that is equivalent to an explosion of 1,000 tons of 
TNT.   


L 
Latent period: the time between exposure to a toxic material and the appearance of a 
resultant health effect. 


Lead (Pb): a heavy metal. Several isotopes of lead, such as Pb-210 which emits beta 
particles, are in the uranium decay chain. 


Lead federal agency (LFA): the federal agency that leads and coordinates the emergency 
response activities of other federal agencies during a nuclear emergency. After a nuclear 
emergency, the Federal Radiological Emergency Response Plan will determine which 
federal agency will be the LFA. 


Lethal dose (50/30): the dose of radiation expected to cause death within 30 days to 50% 
of those exposed without medical treatment. The generally accepted dose is about 400 
rem received over a short period of time. 


Leukocyte reduction: a process used to filter and remove white blood cells from whole 
blood before transfusion. Leukocytes are removed from blood because they provide no 
benefit to the recipient but may carry bacteria and viruses to the recipient. Patients who 
receive blood that has not been leuko-reduced may have adverse effects, including fever 
with chills; alloimmunization, an immune system reaction that can compromise a later 
transfusion; and the transmission of viruses, including cytomegalovirus, which can be 
dangerous for low-birth weight infants and to immunosuppressed patients. 


Local radiation injury (LRI): acute radiation exposure (more than 1,000 rads) to a small, 
localized part of the body. Most local radiation injuries do not cause death. However, if the 
exposure is from penetrating radiation (neutrons, x-rays, or gamma rays), internal organs 
may be damaged and some symptoms of Acute Radiation Syndrome (ARS), including 
death, may occur. Local radiation injury invariably involves skin damage, and a skin graft 
or other surgery may be required. . 


Low-level waste (LLW): radioactively contaminated industrial or research waste, such as 
paper, rags, plastic bags, medical waste, and water-treatment residues. It is waste that 
does not meet the criteria for any of three other categories of radioactive waste: spent 
nuclear fuel and high-level radioactive waste; transuranic radioactive waste; or uranium 
mill tailings. Its categorization does not depend on the level of radioactivity it contains. 


M 
Megaton (Mt): the energy of an explosion that is equivalent to an explosion of 1 million tons 
of TNT.  
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Molecule: a combination of two or more atoms that are chemically bonded. A molecule is 
the smallest unit of a compound that can exist by itself and retain all of its chemical 
properties. 


Monitoring: determining the amount of ionizing radiation or radioactive contamination 
present.  


N 
Neoplastic: pertaining to the pathologic process resulting in the formation and growth of an 
abnormal mass of tissue. 


Neutron: a small atomic particle possessing no electrical charge, typically found within an 
atom's nucleus. Neutrons are, as the name implies, neutral in their charge. That is, they 
have neither a positive nor a negative charge. A neutron has about the same mass as 
a proton.  


Non-ionizing radiation: radiation that has lower energy levels and longer wavelengths 
than ionizing radiation. It is not strong enough to affect the structure of atoms it contacts 
but is strong enough to heat tissue and can cause harmful biological effects. Examples 
include radio waves, microwaves, visible light, and infrared from a heat lamp.  


Non-stochastic effect: an effect that can be related directly to the radiation dose received. 
The effect is more severe with a higher dose. It typically has a threshold, below which the 
effect will not occur. It is sometimes called deterministic effect. For example, a skin burn 
from radiation is a non-stochastic effect that worsens as the radiation dose increases. See 
also stochastic effect. 


Nuclear energy: the heat energy produced by the process of nuclear fission within a 
nuclear reactor or by radioactive decay. 


Nuclear fuel cycle: the steps involved in supplying fuel for nuclear power plants. It can 
include mining, milling, isotopic enrichment, fabrication of fuel elements, use in reactors, 
chemical reprocessing to recover the fissile material remaining in the spent fuel, re-
enrichment of the fuel material refabrication into new fuel elements, and waste disposal. 


Nuclear reactor: A device in which a controlled, self-sustaining nuclear chain reaction can 
be maintained with the use of cooling to remove generated heat. 
(Chemical/Biological/Radiological Incident Handbook, Central Intelligence Agency) 


Nuclear tracers: radioisotopes that give doctors the ability to "look" inside the body and 
observe soft tissues and organs, in a manner similar to the way x-rays provide images of 
bones. A radioactive tracer is chemically attached to a compound that will concentrate 
naturally in an organ or tissue so that an image can be taken. 


Nucleon: a proton or aneutron; a constituent of the nucleus of an atom. 


Nucleus: the central part of an atom that contains protons and neutrons. The nucleus is the 
heaviest part of the atom. 


Nuclide: a general term applicable to all atomic forms of an element. Nuclides are 
characterized by the number of protons and neutrons in the nucleus, as well as by the 
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amount of energy contained within the atom. 


P 
P-100 Filter: P-100 filtering face piece disposable particulate respirators are capable of 
filtering at least 99.97% of airborne particles measuring ≥0.3 micron in diameter. Filtering 
face piece respirators designated with a "P" are strongly resistant to oil. 


Pathways: the routes by which people are exposed to radiation or other contaminants. The 
three basic pathways are inhalation, ingestion, and direct external exposure. See 
also exposure pathway. 


Penetrating radiation: radiation that can penetrate the skin and reach internal organs and 
tissues. Photons (gamma rays and x-rays), neutrons, and protons are penetrating 
radiations. However, alpha particles and all but extremely high-energy beta particles are 
not considered penetrating radiation. 


Personal protective equiptment: Clothing and/or equipment worn by workers (including first 
responders and first receivers) to prevent or mitigate job-related illness or injury. Individual 
PPE elements can include respiratory and percutanous protective equipment. 


Photon: a discrete "packet" of pure electromagnetic energy. Photons have no mass and 
travel at the speed of light. The term "photon" was developed to describe energy when it 
acts like a particle (causing interactions at the molecular or atomic level), rather than a 
wave. Gamma rays and x-rays are photons. 


Pitchblende: a brown to black mineral that has a distinctive luster. It consists mainly of 
uraninite (UO2), but also contains radium (Ra). It is the main source of uranium (U) ore. 


Plume: the material spreading from a particular source and traveling through 
environmental media, such as air or ground water. For example, a plume could describe 
the dispersal of particles, gases, vapors, and aerosols in the atmosphere, or the movement 
of contamination through an aquifer (for example, dilution, mixing, or adsorption onto soil). 


Plutonium (Pu): a heavy, man-made, radioactive metallic element. The most 
important isotope is Pu-239, which has a half-life of 24,000 years. Pu-239 can be used in 
reactor fuel and is the primary isotope in weapons. One kilogram is equivalent to about 22 
million kilowatt-hours of heat energy. The complete detonation of a kilogram of plutonium 
produces an explosion equal to about 20,000 tons of chemical explosive. All isotopes of 
plutonium are readily absorbed by the bones and can be lethal, depending on the dose 
and exposure time. 


Polonium (Po): a radioactive chemical element and a product of radium (Ra) decay. 
Polonium is found in uranium (U) ores. 


Post-Transfusion Graft-vs.-Host Disease: PT-GVHD occurs when donor lymphocytes in 
transfused blood attack recipient organs and tissues recognizing recipient HLA and are not 
eliminated by host immunological defense. 


Prenatal radiation exposure: radiation exposure to an embryo or fetus while it is still in its 
mother’s womb. At certain stages of the pregnancy, the fetus is particularly sensitive to 
radiation and the health consequences could be severe above 5 rads, especially to brain 
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function.  


Protective Actions: During a radiation emergency incident with an uncontrolled source of 
radiation, protection of the public from unnecessary exposure to radiation may require 
some form of intervention that will disrupt normal living. Such intervention is termed a 
“Protective Action”. Examples of primary protective actions include: sheltering-in-place, 
evacuation, relocation, interdiction of food and water. Examples of secondary protective 
actions include medical countermeasure administration, decontamination of people and 
places, restrictions of food and/or water, access control, and victim extraction.  


Protective Action Guide (PAG): A PAG is defined in the EPA PAG Manual as the projected 
dose to an individual from a release of radioactive material at which a specific “protective 
action” to reduce or avoid that dose is recommended. (See PAG Manual Section 2.3 for a 
discussion of projected dose.) PAGs are guides to help officials select protective actions 
under emergency conditions during which exposures would occur for relatively short time 
periods. They are not meant to be applied as strict numeric criteria, but rather as 
guidelines to be considered in the context of incident- specific factors. PAGs do not 
establish an acceptable level of risk for normal, non-emergency conditions, nor do they 
represent the boundary between safe and unsafe conditions. The PAGs are not legally 
binding regulations or standards and do not supersede any environmental laws.  


Proton: a small atomic particle, typically found within an atom's nucleus, that possesses a 
positive electrical charge. Even though protons and neutrons are about 2,000 times 
heavier than electrons, they are tiny. The number of protons is unique for each chemical 
element.   


 


Q 
Quality factor (Q): The factor by which the absorbed dose (rad or gray) must be multiplied 
to obtain a quantity that expresses, on a common scale for all ionizing radiation, the 
biological damage (rem or sievert) to the exposed tissue. It is used because some types of 
radiation, such as alpha particles, are more biologically damaging to live tissue than other 
types of radiation when the absorbed dose from both is equal. The term, quality factor, has 
now been replaced by "radiation weighting factor" in the latest system of recommendations 
for radiation protection.  


top of page 


R 
Rad (radiation absorbed dose): a basic unit of absorbed radiation dose. It is a measure of 
the amount of energy absorbed by the body. The rad is the traditional unit of absorbed 
dose. It is being replaced by the unit gray (Gy), which is equivalent to 100 rad. One rad 
equals the dose delivered to an object of 100 ergs of energy per gram of material.  
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Radiation: energy moving in the form of particles or waves. Familiar radiations are heat, 
light, radio waves, and microwaves. Ionizing radiation is a very high-energy form of 
electromagnetic radiation. 


Radiation protection: sometimes known as radiological protection, is the science of 
protecting people and the environment from the harmful effects of ionizing radiation, which 
includes both particle radiation and high energy electromagnetic radiation. 


.Radiation warning symbol: a symbol prescribed by the Code of Federal Regulations. It is a 
magenta or black trefoil on a yellow background. It must be displayed where certain 
quantities of radioactive materials are present or where certain doses of radiation could be 
received. 


Radioactive contamination: the deposition of unwanted radioactive material on the 
surfaces of structures, areas, objects, or people. It can be airborne, external, or 
internal. See also contamination, decontamination. 


Radioactive decay: the spontaneous disintegration of the nucleus of an atom. 


Radioactive half-life: the time required for a quantity of a radioisotope to decay by half. For 
example, because the half-life of iodine-131 (I-131) is 8 days, a sample of I-131 that has 
10 mCi of activity on January 1, will have 5 mCi of activity 8 days laterRadioactive 
material: material that contains unstable (radioactive) atoms that give off radiation as 
they decay. 


Radioactivity: the process of spontaneous transformation of the nucleus, generally with the 
emission of alpha or beta particles often accompanied by gamma rays. This process is 
referred to as decay or disintegration of an atom. 


Radioactive waste: Disposable, radioactive materials resulting from nuclear operations. 
Wastes are generally classified into two categories, high-level and low-level waste.  


Radioassay: a test to determine the amounts of radioactive materials through the detection 
of ionizing radiation. Radioassays will detect transuranic nuclides, uranium, fission and 
activation products, naturally occurring radioactive material, and medical isotopes. 


Radiogenic: health effects caused by exposure to ionizing radiation. 


Radiography: 1) medical: the use of radiant energy (such as x-rays and gamma rays) to 
image body systems; 2) industrial: the use of radioactive sources to photograph internal 
structures, such as turbine blades in jet engines. A sealed radiation source, usually iridium-
192 (Ir-192) or cobalt-60 (Co-60), beams gamma rays at the object to be checked. Gamma 
rays passing through flaws in the metal or incomplete welds strike special photographic 
film (radiographic film) on the opposite side. 


Radioisotope (radioactive isotope): isotopes of an element that have an unstable nucleus. 
Radioactive isotopes are commonly used in science, industry, and medicine. The nucleus 
eventually reaches a stable number of protons and neutrons through one or more 
radioactive decays. Approximately 3,700 natural and artificial radioisotopes have been 
identified. 


Radiological or radiologic: related to radioactive materials or radiation. The radiological 
sciences focus on the measurement and effects of radiation. 
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Radioluminescence: The luminescence produced by particles emitted during radioactive 
decay 


Radiological dispersal device (RDD): a device that disperses radioactive material by 
conventional explosive or other mechanical means, such as a spray.   


Radiological exposure device (RED): also called a "hidden sealed source." An RED is a 
terrorist device intended to expose people to significant doses of ionizing radiation without 
their knowledge. Constructed from partially or fully unshielded radioactive material, an 
RED could be hidden from sight in a public place (e.g., under a subway seat, in a food 
court, or in a busy hallway), exposing those who sit or pass close by. If the seal around the 
source were broken and the radioactive contents released from the container, the device 
could become a radiological dispersal device (RDD), capable of causing 
radiological contamination. 


Radionuclide: an unstable and therefore radioactive form of a nuclide. 


Radium (Ra): a naturally occurring radioactive metal. Radium is a radionuclide formed by 
the decay of uranium (U) and thorium (Th) in the environment. It occurs at low levels in 
virtually all rock, soil, water, plants, and animals. Radon (Rn) is a decay product of radium. 


Radon (Rn): a naturally occurring radioactive gas found in soil, rock, and water throughout 
the United States. Radon causes lung cancer and is a threat to health because it tends to 
collect in homes, sometimes to very high concentrations. As a result, radon is the largest 
source of exposure to people from naturally occurring radiation. 


Relative risk: the ratio between the risk for disease in an irradiated population to the risk in 
an unexposed population. A relative risk of 1.1 indicates a 10% increase in cancer from 
radiation, compared with the "normal" incidence. . 


Relative biologic effectiveness (RBE): The RBE of some test radiation (r) compared with x-
rays is defined by the ratio D250/Dr where D250and Dr are, respectively, the doses of x-rays 
and the test radiation required for equal biologic effect. (National Bureau of Standards, 
1954) 


Rem (roentgen equivalent, man): a unit of equivalent dose. Not all radiation has the same 
biological effect, even for the same amount of absorbed dose. Rem relates the absorbed 
dose in human tissue to the effective biological damage of the radiation. It is determined by 
multiplying the number of rads by the quality factor, a number reflecting the potential 
damage caused by the particular type of radiation. The rem is the traditional unit of 
equivalent dose, but it is being replaced by the sievert (Sv), which is equal to 100 rem. 
Risk: the probability of injury, disease, or death under specific circumstances and time 
periods. Risk can be expressed as a value that ranges from 0% (no injury or harm will 
occur) to 100% (harm or injury will definitely occur). Risk can be influenced by several 
factors: personal behavior or lifestyle, environmental exposure to other material, or an 
inborn or inherited characteristic known from scientific evidence to be associated with a 
health effect. Because many risk factors are not exactly measurable, risk estimates are 
uncertain. See also absolute risk, relative risk. 


Risk assessment: an evaluation of the risk to human health or the environment by hazards. 
Risk assessments can look at either existing hazards or potential hazards. 
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Roentgen (R): a unit of exposure to x-rays or gamma rays. One roentgen is the amount of 
gamma or x-rays needed to produce ions carrying 1 electrostatic unit of electrical charge in 
1 cubic centimeter of dry air under standard conditions. 


S 
Sealed source: A radioactive source, sealed in an impervious container that has sufficient 
mechanical strength to prevent contact with and dispersion of the radioactive material 
under the conditions of use and wear for which it was designed. Generally used for 
radiography or radiation therapy. May be classified "Special Form" on shipping papers and 
packages. (Basics of Radiation: Definitions, REAC/TS) 


Sensitivity: ability of an analytical method to detect small concentrations of radioactive 
material. 


Shielding: (Animation) (Illustration) the material between a radiation source and a 
potentially exposed person that reduces exposure. 


Sievert (Sv): 1 Sv = 1 Joule per kilogram. Used to measure the health effects of ionizing 
radiation (usually low doses), both external and internal. Sievert is the special name for the 
Standard International (SI) unit of dose equivalent (H), equivalent dose (HT), effective 
dose (E), weighted dose, and organ dose equivalent. J per kilogram is also the SI unit for 
the ICRU operational quantities (see operational quantity). For additional discussion, 
see NCRP glossary and Wikipedia “Sievert” page. 


SI units: the Systeme Internationale (or International System) of units and measurements. 
This system of units officially came into being in October 1960 and has been adopted by 
nearly all countries, although the amount of actual usage varies considerably. For more 
information, see “Primer on Radiation Measurement” from CDC. 


Somatic effects: effects of radiation that are limited to the exposed person, as 
distinguished from genetic effects, which may also affect subsequent generations. See 
also teratogenic effects. 


Source term: Types and amounts of radioactive or hazardous material released to the 
environment following an accident. (NRC) 


Special Nuclear Material (SNM): Plutonium and uranium enriched in the isotope uranium-
233 or uranium 235. (Chemical/Biological/Radiological Incident Handbook, Central 
Intelligence Agency) 


Specific activity: Unit pertaining to the disintegrations per gram of a radioisotope (Mettler 
FA Jr, Upton AC: Medical Effects of Ionizing Radiation, 3rd ed. Philadelphia, Pa: Saunders 
Elsevier, 2008, page 554) 


Stable nucleus: the nucleus of an atom in which the forces among its particles are 
balanced.  


Stochastic effect: an effect that occurs on a random basis independent of the size of dose. 
The effect typically has no threshold and is based on probabilities, with the chances of 
seeing the effect increasing with dose. If it occurs, the severity of a stochastic effect is 
independent of the dose received. Cancer is a stochastic effect. See also non-stochastic 
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effect, deterministic effect. 


Strontium (Sr): a silvery, soft metal that rapidly turns yellow in air. Sr-90 is one of the 
radioactive fission materials created within a nuclear reactor during its operation. Stronium-
90 emits beta particles during radioactive decay. 


Surface burst: a nuclear weapon explosion that is close enough to the ground for the 
radius of the fireball to vaporize surface material. Fallout from a surface burst contains very 
high levels of radioactivity.   


T 
Tailings: waste rock from mining operations that contains concentrations of mineral ore 
that are too low to make typical extraction methods economical. 


Thermonuclear device: a “hydrogen bomb.” A device with explosive energy that comes 
from fusion of small nuclei, as well as fission. 


Teratogenic effects: birth defects that are not passed on to future generations, caused by 
exposure to a toxin as a fetus. See also genetic effects, somatic effects. 


Terrestrial radiation: radiation emitted by naturally occurring radioactive materials, such 
as uranium (U), thorium (Th), and radon (Rn) in the earth. 


Thorium (Th): a naturally occurring radioactive metal found in small amounts in soil, rock, 
water, plants, and animals. The most common isotopes of thorium are thorium-232 (Th-
232), thorium-230 (Th-230), and thorium-238 (Th-238). 


Total Effective Dose Equivalent (TEDE): The sum of effective dose equivalent from 
external radiation and the committed effective dose equivalent from inhaled and ingested 
radioactive material. Quoted in units of rem. 


Transuranic: pertaining to elements with atomic numbers higher than uranium (92). For 
example, plutonium (Pu) and americium (Am) are transuranics. 


Triage: The use of simple procedures for rapidly sorting affected people into groups so as 
to expedite treatment and maximize the effective use of medical and monitoring supplies. 
(Source: Use of Prussian Blue (Ferric Hexacyanoferrate) for Decorporation of 
Radiocaesium, Public Health England [PHE], formerly Health Protection Agency [HPA]) 


Triage, radiological: actions intended to sort people according to whether they have been 
exposed to radioactive material at a level that will definitely have an effect on their health 
(i.e., causing deterministic injuries like tissue reactions or acute radiation syndrome); or 
whether they may have been exposed to radioactive material at lower levels that might 
impart a long-term health risk (i.e., stochastic health effects or cancer induction in the 
future); or whether they are in the potentially large group of people whose exposures are 
very unlikely to have any effect on health, or who were not exposed at all. (Source: Use of 
Prussian Blue (Ferric Hexacyanoferrate) for Decorporation of Radiocaesium, Public Health 
England [PHE], formerly Health Protection Agency [HPA]) 


Tritium: (chemical symbol H-3) a radioactive isotope of the element hydrogen (chemical 
symbol H).  
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U 
Unstable nucleus: a nucleus that contains an uneven number of protons and neutrons and 
seeks to reach equilibrium between them through radioactive decay (i.e., the nucleus of a 
radioactive atom).  


UNSCEAR: United Nations Scientific Committee on the Effects of Atomic Radiation.  
Uranium (U): a naturally occurring radioactive element whose principal isotopes are 
uranium-238 (U-238) and uranium-235 (U-235). Natural uranium is a hard, silvery-white, 
shiny metallic ore that contains a minute amount of uranium-234 (U-234). 


Uranium mill tailings: naturally radioactive residue from the processing of uranium ore. 
Although the milling process recovers about 95% of the uranium, the residues, or tailings, 
contain several isotopes of naturally occurring radioactive material, 
including uranium (U), thorium (Th), radium (Ra), polonium (Po), and radon (Rn). 


W 
Weighting factor: A multiplier that is used for converting the equivalent dose to a specific 
organ or tissue into what is called the "effective dose." The goal of this process was to 
develop a method for expressing the dose to a portion of the body in terms of an 
equivalent dose to the whole body that would carry with it an equivalent risk in terms of the 
associated fatal cancer probability. It applies only to the stochastic effects of radiation. 
(Radiation Terms, Health Physics Society) 


Whole-body count: the measure and analysis of the radiation being emitted from a 
person’s entire body, detected by a counter external to the body. 


Whole-body exposure: an exposure of the body to radiation, in which the entire body, 
rather than an isolated part, is irradiated by an external source. 


X 
X-ray: electromagnetic radiation caused by deflection of electrons from their original paths, 
or inner orbital electrons that change their orbital levels around the atomic nucleus. X-rays, 
like gamma rays can travel long distances through air and most other materials. Like 
gamma rays, x-rays require more shielding to reduce their intensity than do beta or alpha 
particles. X-rays and gamma rays differ primarily in their origin: x-rays originate in the 
electron shell; gamma rays originate in the nucleus. See also neutron. 
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		Терминологический словарь: текущий контроль

		В НАЧАЛО






1. Прочитайте и переведите на русский язык со словарем отрывок из 
оригинальной статьи по специальности 


2. Передайте содержание указанного отрывка из оригинальной статьи 
по специальности 


3. Беседа по темам 


1. Radiation Quantities 
    a. Exposure 
    b. Absorbed Dose 
    c. Equivalent Dose 
    d. Effective Dose 
    e. Activity 
    f. Linear Energy Transfer 
     
2. Cellular response to radiation 
 
    a. DNA damage and chromosomal aberrations 
    b. Cell cycle stage and radiation sensitivity 
    c. Dose-rate effect 
    d. Relative biological effectiveness ( RBE) 
    e Radioprotectors and Radiosensitizers 
       
3. Radiation Induced Injury 
    a. Stochastic Effects 
    b. Deterministic Effects 
    
    4. Radiation carcinogenesis 
    a. Irradiated populations from which quantitative data have been obtained for 
cancer incidence 
    b. The latent period 
    c. Sensitivity to radiation-induced cancer as a function of age 
    d. Risk estimates for radiation-induced cancer   
5. Radiation-induced injury to the gonads 
 
    a. Radiation doses to produce sterility 
    b. Hereditary effects of radiation   
6. Radiation effects on the developing embryo and fetus 
    a. Major effects of radiation on the embryo and fetus 
    b. Fetal period 
    c. Survivors of the a-bomb attacks on Hiroshima and Nagasaki irradiated in 
utero 
    d. Childhood cancer and in uterus irradiation 
    e. Occupational exposure of a pregnant worker 
 







   7. Whole-body radiation effects 
    a. Acute radiation syndrome 
    b. Treatment of radiation accident victims 
      
8. Sources of radiation to the human population (NCRP 160) 
    a. Natural sources 
    b. Cosmic rays 
    c. Natural radioactivity in the earth’s crust 
    d. Internal exposure 
    e. Radon 
    f. Enhanced natural sources 
    g. Man-made sources 
    h. Average annual doses from background and diagnostic medicine 
procedures   
9. Doses and risks associated with diagnostic radiology, interventional 
radiology/cardiology, and nuclear medicine 
    a. Nuclear medicine 
    b. Dose and exposure in diagnostic radiology 
        i. X-ray procedures 
        ii. CT procedures 
        iii. Mammography 
        iv. Fluoroscopy 
    c. Radiation effects in the skin 
    d. Fetal Doses 
         
10. Radiation protection 
    a. Objectives of radiation protection 
    b. Committees and regulatory bodies concerned with risk estimates and 
radiation protection 
    c. Occupational exposure 
    d. As low as reasonably achievable (ALARA) 
    e. Protection of the embryo/fetus 
    f. Medical and Sentinel Events 
    g. Exposure of members of the public (non-occupational) 
 
11. Biologic hazards of magnetic resonance imaging 
    a. Static magnetic fields 
    b. Radiofrequency fields 
    c. Gradient fields 
    d. Claustrophobia 
    e. Quenching (asphyxiation) 
    f. Contrast Agent Reactions 
    g. Regulatory limits 
 
 







12. Biologic hazards of ultrasonography 
    a. Tissue heating, ultrasound frequency and SPTA intensity) 
    b. Ultrasound induced cavitation 
    c. Pulsed Doppler 
    d. Regulatory limits 
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Effective Team-Working Skills.
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How to be a good teamworker. 



https://www.skillsyouneed.com/ips/team-working.html

https://www.skillsyouneed.com/ips/team-working.html



		Teamwork

		В НАЧАЛО










2 
 


Учебная программа составлена на основе образовательного стандарта 
Республики Беларусь ОСВО 1-33 81 02-2014 и учебного плана по 
специальности 1-33 81 02 Радиобиология.  


 
 
СОСТАВИТЕЛИ: 
Н.А. Грицай, старший преподаватель кафедры иностранных языков 
учреждения образования «Международный государственный экологический 
институт имени А.Д. Сахарова» Белорусского государственного 
университета. 
 
 
 
 
 
РЕКОМЕНДОВАНА К УТВЕРЖДЕНИЮ: 


 


Кафедрой иностранных языков «Международного государственного 
экологического института имени А.Д.Сахарова» Белорусского 
государственного университета 


(протокол №___________    от_____________    2016); 


Научно-методическим советом учреждения образования «Международный 
государственный экологический институт имени А.Д. Сахарова» 
Белорусского государственного университета 


(протокол № ___ от ____________). 
 
 
 


 







3 
 


ПОЯСНИТЕЛЬНАЯ ЗАПИСКА 
 
Происходящие сегодня в мире социально-экономические изменения 


ставят новые цели и задачи перед системой профессионально- 
ориентированного иноязычного образования в учреждениях высшего 
образования Республики Беларусь. Такие личностные качества специалиста 
как индивидуальность, самостоятельность, образованность, неординарность, 
инициатива, способность мыслить критически становятся неотъемлемыми 
атрибутами профессиональной компетенции будущего специалиста.  


На современном этапе иностранный язык из специальности все больше 
превращается в язык для специальности, являясь средством повышения не 
только уровня профессиональных знаний, навыков и умений, но и знаний в 
рамках специальности существенных для формирования профессиональной 
компетентности будущего специалиста. В данной связи особую актуальность 
приобретает практико-ориентированный подход к обучению иностранного 
языка в неязыковых вузах, который предусматривает формирование у 
студентов способности иноязычного общения в конкретных, 
профессиональных и научных сферах и ситуациях общения с учетом 
особенностей профессионального мышления, то есть – практико-
ориентированное обучение. 


Сущность практико-ориентированного обучения иностранному языку 
заключается в его интеграции со специальными дисциплинами с целью 
получения дополнительных профессиональных знаний и формирования 
профессионально значимых качеств личности. 


Реализация двухуровневой системы обучения, внедрение учебных 
программ на основе государственного образовательного стандарта, 
интеграция Республики Беларусь в мировое сообщество обусловливают 
необходимость пересмотра подходов к вопросам профессиональной 
подготовки студентов неязыковых вузов в области развития их иноязычной 
коммуникативной компетенции. 


Языковая подготовка по иностранному языку является частью 
профессиональной подготовки выпускника современного неязыкового вуза 
инновационного типа. Знание иностранного языка является одним из важных 
условий осуществления международного сотрудничества и повышения 
академической и профессиональной мобильности. 


Целью преподавания дисциплины является формирование и развитие 
у студентов иноязычной практико-ориентированной коммуникативной 
компетенции, необходимой для использования английского языка в учебной, 
научной и профессиональной деятельности, обучения в магистратуре и 
аспирантуре, проведения научных исследований в области экономики, а 
также позволяющей использовать профессиональный иностранный язык как 
средство межкультурного и профессионального общения. 


Достижение главной цели предполагает комплексную реализацию 
следующих целей: познавательной, воспитательной и практической, 
предполагающей овладение иноязычным общением в единстве всех его 
компетенций, функций и форм, что осуществляется посредством 
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взаимосвязанного обучения всем видам речевой деятельности, а также 
овладения технологиями языкового самообразования. 


Практическая цель состоит в подготовке магистрантов к 
практическому использованию иностранного языка в профессиональной и 
личностной деятельности;  


Образовательная цель – это расширение знаний о стране изучаемого 
языка в области политики, национальной культуры и экономики, расширение 
кругозора студента, совершенствование культуры его мышления, общения и 
речи;   


Воспитательная цель – уважительное отношения к духовным и 
материальным ценностям не только народа своей страны, но других стран. 


Курс английского языка в рамках образовательной программы высшего 
образования второй ступени с углубленной подготовкой специалиста 
направлен на формирование у студентов иноязычной коммуникативной 
компетенции, которая рассматривается не как абстрактная сумма знаний, 
умений и навыков, а как «совокупность личных качеств студентов 
(ценностно-смысловых ориентаций, знаний, умений, навыков и 
способностей) и определяется как способность решать проблемы и 
самостоятельно находить ответы на вопросы, возникающие в процессе 
учебного, социально-культурного и профессионального или бытового 
общения на иностранном языке».  


Формирование иноязычной коммуникативной компетенции включает 
комплексное развитие коммуникативной, информационной, 
социокультурной,  прагматической, академической, самообразовательной и 
профессиональной компетенций получающих образование языка в рамках 
образовательной программы второй ступени с углубленной подготовкой 
специалиста. 


Коммуникативная компетенция проявляется в правильном 
распознавании и использовании языковых средств для построения 
высказывания, а также в способности личности компенсировать дефицит 
языковых средств для обеспечения процесса общения. 


Информационная основывается на умениях извлекать нужную 
иноязычную информацию из различных источников, оценивать ее и 
передавать ее содержание в соответствии с поставленной целью, а также 
продуктивно пользоваться ресурсами международной информационной сети  


Социокультурная компетенция проявляется в знании законов, 
обычаев, культурных традиций и менталитета страны изучаемого языка и 
умении адекватно представлять культуру своей страны средствами 
английского языка. 


Прагматическая компетенция проявляется в умении адаптировать 
свое высказывание к ситуации речевого общения, а также умении строить 
ясные, логичные высказывания, пользуясь необходимым набором средств 
коммуникации, иногда допуская паузы в больших по объему высказываниях. 


Академическая компетенция представляет собой способности 
применять профессиональные знания и умения на практике и осуществлять 
исследования в различных областях (экология, биология, медицина), в том 
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числе научной, вырабатывать научную концепцию решения 
профессиональной проблемы, генерировать новые идеи, формулировать 
научные гипотезы. 


Самообразовательная основывается на способности пополнять знания 
и доучиваться в процессе самостоятельной поисковой и творческой 
деятельности. 


Профессиональная предполагает знание терминов, клише, а также 
навыки и умения применения этих знаний при осуществлении 
профессионально направленного общения. 


 
Задачи:  
Комплексная реализация познавательной, развивающей, воспитательной, 


и практической целей предполагает овладение иноязычным общением в 
единстве всех его компетенций, функций и форм, что осуществляется 
посредством взаимосвязанного обучения всем видам речевой деятельности, а 
также овладения технологиями языкового самообразования. 
В результате изучения дисциплины магистрант должен 
знать: 
 функциональные особенности устных и письменных профессионально-


ориентированных текстов, в том числе научно-технического характера;  
 требования к оформлению документации (в пределах программы), 


принятые в профессиональной коммуникации и в странах Европы и 
изучаемого языка;  


 мировые стандарты ведения научно-исследовательской деятельности; 
 правила профессиональной этики, характерные для профессионального 


общения; 
 общепринятые (белорусские и зарубежные) требования к оформлению 


научных трудов и прочих работ, связанных с исследовательской 
деятельностью. 


 
уметь: 
 осуществлять устную и письменную коммуникацию в целях научного 


академического и коммерческого общения на таких мероприятиях как 
доклад на конференции, презентация, дебаты, круглый стол, выставки, 
реклама и пр.) на иностранном языке;  


 писать научные статьи и тезисы; 
 работать с аутентичной литературой профессионально 


ориентированного характера и обрабатывать полученную 
информацию;  


 производить различные логические операции (анализ, синтез, 
установление причинно-следственных связей, аргументирование, 
обобщение и вывод, комментирование);  


 понимать и оценивать чужую точку зрения, стремиться к 
сотрудничеству, достижению согласия, выработке общей позиции в 
условиях различия взглядов и убеждений;  


 







6 
 


владеть: 
 способами обработки большого объема иноязычной информации с 
целью сбора материала для написания магистерской диссертации или её 
раздела на изучаемом языке; 
 оформления заявок на гранты и стажировки по программам 
академической мобильности; 
 написания работ на иностранном языке для публикации в зарубежных 
журналах. 
Общее количество часов, отводимое на изучение учебной дисциплины, – 
320 часов из них 134 аудиторных часа. Форма аттестации – экзамен в 
третьем семестре. Форма получения высшего образования – дневная. 
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II. СОДЕРЖАНИЕ УЧЕБНОГО МАТЕРИАЛА 
 


1. Введение 
Глобализация в образовании. Образование в естественнонаучной 


области (роль, функция, назначение, перспективы карьерного роста, различия 
в системах образования разных стран (сравнение с системой образования в 
Республике Беларусь). 


Болонская конвенция и ее влияние на развитие образования в 
естественнонаучной области в Республике Беларусь и в мире. 


Грамматика: Соединительные слова.  
1. Словообразование 
2. Атрибутивные группы 
Пунктуация. 
      


  2. Работа в команде.  
Работа в команде как возможность развития профессиональной 


коммуникации и профессионального роста 
Работа в команде -  необходимость в современных условиях развития; 


Организация работы в команде. Стадии командной работы. 
Грамматика: Эллиптические структуры 
Глаголы связки и фразы. 


2.1.  Radiation Quantities 
    a. Exposure 
    b. Absorbed Dose 
    c. Equivalent Dose 
    d. Effective Dose 
    e. Activity 
    f. Linear Energy Transfer 
Обсуждение устной темы 


3. Получение гранта. 
Грантовая политика.  Типы документов: сопроводительное письмо, 


мотивационное письмо, рекомендательное письмо, аппликационная форма.  
Грамматика: Орфография. Инверсия. 


 
4. Научная статья как средство технической коммуникации 
-академические стили; 
- компоненты статьи (структура); 
- плагиат: типы плагиата, как правильно перефразировать, сохраняя 


авторские права; 
вопросы этики в письменных текстах (соблюдение авторских прав). 
Грамматика: Усилительные конструкции. Модальные глаголы. 
Пассивный / Активный залог. 
 
5. Визуальные опоры. 
Визуальные опоры в письменных академических текстах: 
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- графики, таблицы, диаграммы; как использовать, читать и 
интерпретировать графику в устных и письменных текстах; 


Грамматика: Атрибутивные группы. 
Пунктуация.      
 
6. Презентация. 
Навыки выполнения презентации с целью участия в различных 


академических мероприятиях. 
. Наречия степени: очень, слишком, чрезвычайно, вполне и т.д. 


Вводные наречия: наречия выражающие точку зрения. 
 


Наименование тем практических занятий и их содержание 
 
№ 
п/п 


Наименование тем Содержание 


1. Введение. 
Глобализация в 
образовании 


Образование в естественнонаучной 
области (роль, функция, назначение, 
перспективы карьерного роста, различия в 
системах образования разных стран 
(сравнение с системой образования в РБ). 
Болонская конвенция и ее влияние на 
развитие образования в 
естественнонаучной области в Республике 
Беларусь и в мире. 
Грамматика: Соединительные слова.  
Словообразование. 
Атрибутивные группы. 
Пунктуация.   


2.   Работа в команде
Устная тема по 
специальности: 
Radiation Quantities
 


Работа в команде как возможность 
развития профессиональной 
коммуникации и профессионального роста
Работа в команде - необходимость в 
современных условиях развития; 
Организация работы в команде. Стадии 
командной работы 
Грамматика: Эллиптические структуры 
Глаголы связки и фразы. 
Составление глоссария по теме. 
Подготовка презентаций по подтемам, 
связанным со специальностью. 
 


3. Получение гранта 
Устная тема: Cellular 
response to radiation 


Грантовая политика.  Типы документов: 
сопроводительное письмо, мотивационное 
письмо, рекомендательное письмо, 
аппликационная форма.  
 Грамматика: Орфография. Инверсия. 
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Составление глоссария по теме. 
Подготовка презентаций по подтемам, 
связанным со специальностью 
 


4. Научная статья как 
средство 


технической 
коммуникации 
Устная тема: 


Radiation Induced 
Injury 


Академические стили; компоненты статьи 
(структура); плагиат: типы плагиата, как 
правильно перефразировать, сохраняя 
авторские права. Вопросы этики в 
письменных текстах (соблюдение 
авторских прав). 
Грамматика: Усилительные конструкции. 
Модальные глаголы. Пассивный / 
Активный залог. 


5. Визуальные опоры 
Устная тема: 


Doses and risks 
associated with 
diagnostic radiology, 
interventional 
radiology/cardiology, 
and nuclear medicine 


Визуальные опоры в письменных 
академических текстах: 
- графики, таблицы, диаграммы; как 
использовать, читать и интерпретировать 
графику в устных и письменных текстах; 
Грамматика: Атрибутивные группы. 
Пунктуация.  


6. Презентация 
Устная тема: 
Radiation 
protection 


Навыки выполнения презентации с целью 
участия в различных академических 
мероприятиях. 
Грамматика: наречия степени: очень, 
слишком, чрезвычайно, вполне и т.д. 
Вводные наречия: наречия выражающие 
точку зрения. 


 







10 
 


 
III. УЧЕБНО-МЕТОДИЧЕСКАЯ КАРТА УЧЕБНОЙ 


ДИСЦИПЛИНЫ  
 


Количество аудиторных 
часов 


Н
ом


ер
 р
аз
де
ла


, т
ем
ы


 


Название раздела,  
темы 


Л
ек
ци
и 


П
ра
кт
ич
ес
ки
е 


за
ня
ти
я 


С
ем
ин
ар
ск
ие


 
за
ня
ти
я 


Л
аб
ор
ат
ор
ны


е 
 


за
ня
ти
я 


И
но
е 


К
ол
ич
ес
тв
о 
ча
со
в 


У
С
Р


 


Ф
ор
м
а 
ко
нт
ро
ля


 
за
ня
ти
й 


1 2        
1.  Глобализация в 


образовании 
 24   


  
 


1.1. Образование в 
естественнонаучной 
области (роль, функция, 
назначение, перспективы 
карьерного роста, 
различия в системах 
образования разных стран 
(сравнение с системой 
образования в Республике 
Беларусь). 
Устная тема:  
Соединительные слова.  
Словообразование. 
Атрибутивные группы. 
Пунктуация.  


    


  


 


2.  Работа в команде  24      


2.1. Организация работы в 
команде. Стадии 
командной работы. 
Устная тема: 
Эллиптические 
структуры. 
Глаголы связки и фразы. 


Устная тема по 
специальности: 


Radiation Quantities 


    


  


Глоссарий.  
Презентации 


3. Получение гранта   20      
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3.1. Типы документов: 
сопроводительное письмо, 
мотивационное письмо, 
рекомендательное письмо, 
аппликационная форма.  
 Орфография. Инверсия. 
Устная тема: Cellular 
response to radiation 


    


  


3,4,5 


4. Научная статья как 
средство технической 
коммуникации. 
Устная тема:  Radiation 
Induced Injury 


 20   


  Глоссарий.  
Презентации 


4.1. Академические стили; 
компоненты статьи 
(структура); 
плагиат: типы плагиата, 
как правильно 
перефразировать, 
сохраняя авторские права. 
Грамматика: 
Усилительные 
конструкции. Модальные 
глаголы.  
Пассивный / Активный 
залог. 
Устная тема: Radiation 
effects on the developing 
embryo and fetus 


    


  1,2,3,4,5 


5. Визуальные опоры.  10      
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5.1.  Визуальные опоры в 
письменных 
академических текстах: 
графики, таблицы, 
диаграммы; как 
использовать, читать и 
интерпретировать 
графику в устных и 
письменных текстах; 
Грамматика: 
атрибутивные группы. 
Пунктуация.  
Устная тема: Doses and 
risks associated with 
diagnostic radiology, 
interventional 
radiology/cardiology, and 
nuclear medicine 


 
 
 
 
 
 
 
 
 
 
 
 
 


   


  Глоссарий.  
Презентации 


6. Презентация.  36      


6.1. Навыки выполнения 
презентации с целью 
участия в различных 
академических 
мероприятиях. 
Наречия степени: очень, 
слишком, чрезвычайно, 
вполне и т.д. 
Вводные наречия: 
наречия выражающие 
точку зрения. 
Устная тема:  Radiation 
protection  


    


  Глоссарий.  
Презентации 


 Итого  134      
 
 
 
Формы контроля знаний: 


 
№ 
п / п 


Форма 


1.  Выборочный контроль на практических занятиях 
2.  Проведение контрольных работ в группе 
3.  Подготовка презентаций 
4.  Написание рефератов 
5.  Устный опрос на практических занятиях 
6.  Проведение экзамена по курсу 
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IV. ИНФОРМАЦИОННО-МЕТОДИЧЕСКАЯ ЧАСТЬ 
 


Перечень заданий для самостоятельных работ 


Перечень методических средств (наглядных и других пособий, 
методических указаний, специального программного обеспечения и т.п.). 
 


№ 
п/п 


Наименование или 
назначение 


Вид 
 


1. Аутентичные материалы Научные статьи по специальности, 
учебники, учебные пособия, 
ресурсные папки 


2. Раздаточный материал Разработки упражнений, 
«функциональные» тексты 
(инструкции, рекомендации, 
технические описания, страницы 
Интернета и др.). 


 
Наименования и виды методических средств: 


 
№  
п/п 


Наименование Вид 


1.  Учебники иноязычная справочная литература, 
словари (толковые, двуязычные, 
общие и отраслевые, частотные, 
словари-минимумы). 


2.  Аудио и видео курсы Лекционные курсы on-line. 
3.  Раздаточный материал тексты средств массовой 


информации. 
4.  Компьютер Мультимедийные презентации. 
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Учебно-методические материалы по дисциплине 
 


Основная литература 
 


1. Douglas D. Assessing Languages for Specific Purposes. – Cambridge 
University Press, 2000. 


2. Yan Ek J.A., Trim J.L.M. Threshold 1990. – Council of Europe, Cambridge 
University Press, 1998. 


3. Van Ek J.A., Trim J.L.M. Waystage 1990. – Council of Europe, Cambridge 
University Press, 1998. 
 


Дополнительная литература 
 


1. Business Correspondence. Course Book. Work Book. [2003].OUP. 
2. Business Resource Pack Pre-Intermediate. Intermediate. Upper-Intermediate.  


[1996]. Heinemann. 
3. Business Builder. [1999]. Paul Emmerson. 
4. Key Words in Science & Technology. Bill Mascul [1997]. Harper Collins 


Publishers. 
5. English for Science and Technology. General science. Martin Bates [1998]. 


Longman. 
6. Professional English in Use ICT. R.Esteras, Elena M. Fabre [2007] OUP. 
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ПРОТОКОЛ СОГЛАСОВАНИЯ УЧЕБНОЙ ПРОГРАММЫ УВО 
 


Название 
дисциплины, 
с которой требуется 
согласование 


Название
кафедры 


Предложения  
об изменениях в 
содержании учебной 
программы  
учреждения высшего  
образования по 
учебной дисциплине 


Решение, принятое 
кафедрой, 
разработавшей 
учебную 
программу (с 
указание даты и 
номера протокола) 
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ДОПОЛНЕНИЯ И ИЗМЕНЕНИЯ К УЧЕБНОЙ ПРОГРАММЕ УВО 
на _____/_____ учебный год 


 
№ 
п/п 


Дополнения и изменения Основание 


 
 
 
 


 
 
 
 


 


 
Учебная программа пересмотрена и одобрена на заседании кафедры 
_____________________________   (протокол № ____ от ________ 201_ г.) 
                        (название кафедры) 


 


Заведующий кафедрой 
_____________________   _______________   __________________ 
(ученая степень, ученое звание)        (подпись)               (И.О.Фамилия) 


 


УТВЕРЖДАЮ 
Декан факультета 
_____________________   _______________   __________________ 
(ученая степень, ученое звание)          (подпись)               (И.О.Фамилия) 


 
 
 


 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 





		Английский язык для специальных целей : учебная программа

		В НАЧАЛО






  
h t t p : / / t w p . d u k e . e d u / w r i t i n g - s t u d i o 


 
How to Read and Review a Scientific Journal Article: 


Writing Summaries and Critiques 


Definition of Genre 
Summaries and critiques are two ways to write a review of a scientific journal article. Both types 


of writing ask you first to read and understand an article from the primary literature about your 


topic. The summary involves briefly but accurately stating the key points of the article for a 


reader who has not read the original article. The critique begins by summarizing the article and 


then analyzes and evaluates the author’s research. Summaries and critiques help you learn to 


synthesize information from different sources and are usually limited to two pages maximum. 


 


Actions to Take 
1. Skim the article without taking notes: 


 Read the abstract. The abstract will tell you the major findings of the article and why they 


matter. 


 Read first for the “big picture.” 


 Note any terms or techniques you need to define. 


 Jot down any questions or parts you don’t understand. 


 If you are unfamiliar with any of the key concepts in the article, look them up in a 


textbook. 


 


2. Re-read the article more carefully: 


 Pay close attention to the “Materials and Methods” (please note that in some journals this 


section is at the very end of the paper) and “Results” sections. 


 Ask yourself questions about the study, such as: 


o Was the study repeated? 


o What was the sample size? Is this representative of the larger population? 


o What variables were held constant? Was there a control? 


o What factors might affect the outcome? 


 


3. Read the “Materials and Methods” and “Results” sections multiple times: 


 Carefully examine the graphs, tables, and diagrams. 


 Try to interpret the data first before reading the captions and details. 


 Make sure you understand the article fully. 


 


4. Before you begin the first draft of your summary: 


 Try to describe the article in your own words first. 
 Try to distill the article down to its “scientific essence.” 


 Include all the key points and be accurate. 


 A reader who has not read the original article should be able to understand your 


summary. 


 Example of a well-written summary: 


The egg capsules of the marine snails Nucella lamellosa and N. lima protect developing 


embryos against low-salinity stress, even though the solute concentration within the 


capsules falls to near that of the surrounding water within about 1 h. 


 


  







 
 
5. Write a draft of your summary: 


 Don’t look at the article while writing, to make it easier to put the information in your 


own words and avoid unintentional plagiarism. 


 Refer back to the article later for details and facts. 


 Ask yourself questions as you write: 


o What is the purpose of the study? What questions were asked? 


o How did the study address these questions? 


o What assumptions did the author make? 


o What were the major findings? 


o What surprised you or struck you as interesting? 


o What questions are still unanswered? 


 


Format 


 A complete citation of the article goes at the top of the page, below your heading. 


 Don’t skip a line between the citation and the start of the essay. 


 Indent the first line of the essay. 


 Be concise and eliminate superfluous information. 


 


Organization 


 The introductory paragraph summarizes the background information and purpose of the 


research (specific questions the study researched). 


 Then, explain the methods that were used to investigate the research questions (use past 


tense). 


 Mention the major results of the study (use past tense). 


 State what the author of the study learned. 


 


Critique: A Critical Review and Assessment of the Article 


 Include a summary as well as your own analysis and evaluation of the article. 


 Know the article thoroughly. 


 Do not include personal opinions. 


 Be sure to distinguish your thoughts from the author’s words. 


 Focus on the positive aspects and what the author(s) of the study learned. 


 Note limitations of the study at the end of the essay: 


o Do the data and conclusions contradict each other? 


o Is there sufficient data to support the author’s generalizations? 


o What questions remain unanswered? 


o How could future studies be improved? 


 


This handout is condensed from information published in Pechenik, Jan A. "Writing Summaries 


and Critiques." A Short Guide to Writing about Biology. Ed. Rebecca Gilpin. 6th ed. New York: 


Pearson, 2007. 130-138. Print. 


 


Helpful Links: 


 How to read a scientific paper (biology): 


http://www.biochem.arizona.edu/classes/bioc568/papers.htm 


 Finding and reviewing appropriate scientific articles. This site will help you select up-to-


date and relevant articles for your review (biology): 


http://www.stanford.edu/~siegelr/readingsci.htm   



http://www.biochem.arizona.edu/classes/bioc568/papers.htm

http://www.stanford.edu/~siegelr/readingsci.htm
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А Н Г Л И Й С К И Й   Я З Ы К   Д Л Я   С П Е Ц И А Л Ь Н Ы Х   Ц Е Л Е Й


ТЕОРЕТИЧЕСКИЙ РАЗДЕЛ 


How to make a presentation: 


How to give a good presentation. 


How to Give a Great Scientific Presentation. 


Ten Secrets to Giving a Good Scientific Talk. 


Vocabulary and phrases for making presentations in 
English. 


ISEI BSU
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		Murphy, R. English Grammar in Use

		Cover

		Contents

		Thanks

		To the student

		To the teacher

		Present and past

		1 Present continuous (I am doing)

		2 Present simple (I do)

		3 Present continious and Present simple

		4 Present continuous and present simple 2 (I am doing and I do)

		5 Past simple (I did)

		6 Past continuous (I was doing)



		Present perfect and past

		7	Present perfect 1 (I have done)

		8 Present perfect 2 (I have done)

		9	Present perfect continuous (I have been doing)

		10 Present perfect continuous and simple (I have been doing and I have done)

		11 How long have you (been) ... ?

		12 For and since When ... ? and How long ...?

		13 Present perfect and past 1 (I have done and I did)

		14 Present perfect and past 2 (I have done and I did)

		15 Past perfect (I had done)

		16 Past perfect continuous (I had been doing)

		17 Have got and have

		18 Used to (do)



		Future

		19 Present tenses (I am doing /I do) for the future

		20 (I'm) going to (do)

		21 Will/shall 1

		22 Will/shall 2

		23 I will and I'm going to

		24 Will be doing and will have done

		25 When I do / When I've done  When and if



		Modals

		26 Can, could and (be) able to

		27 Could (do) and could have (done

		28 Must and can't

		29 May and might 1

		30 May and might 2

		31 Have to and must

		32 Must  mustn't  needn't

		33 Should 1

		34 Should 2

		35 Had better  It's time ...

		36 Would

		37 Can/Could/Would you ... ? etc.  (Requests, offers, permission and invitations)



		If and wish

		38 If I do ... and If I did ...

		39 If I knew ...  I wish I knew ...

		40 If I had known ...  I wish I had known ...

		41 Wish



		Passive

		42 Passive 1  (is done / was done)

		43 Passive 2  (be done / been done / being done)

		44 Passive 3

		45 It is said that...  He is said to...  He is supposed to...

		46 Have something done



		Reported speech

		47 Reported speech 1  (He said that ...)

		48 Reported speech 2



		Questions and auxiliary verbs

		49 Questions 1

		50 Questions 2 (Do you know where ... ? / He asked me where ...

		51 Auxiliary verbs (have/do/can ere.)  I think so / I hope so etc.

		52 Question tags (do you? isn't it? etc.)



		-ing and the infinitive

		53 Verb + -ing (enjoy doing / stop doing etc.)

		54 Verb + to ... (decide to ... / forget to ... etc.)

		55 Verb (+ object) + to ... (I want you to ... etc.)

		56 Verb + -ing or to ... 1 (remember/regret etc.)

		57 Verb + -ing or to ... 2 (try/nced/help)

		58 Verb + -ing or to ... .5 (like / would like etc.)

		59 Prefer and would rather

		60 Preposition (in/for/about etc.) + -ing

		61 Be/get used to something (I'm used to ...)

		62 Verb + preposition + -ing (succeed in -ing / accuse somebody of -ing etc.)

		63 Expressions + -ing

		64 To ... , for ... and so that ... (purpose)

		65 Adjective + to ...

		66 To ... (afraid to do) and preposition + -ing (afraid of-ing)



		Articles and nouns

		67 See somebody do and see somebody doing

		68 -ing clauses (Feeling tired, I went to bed early.)

		69 Countable and uncountable 1

		70 Countable and uncountable 2

		71 Countable nouns with a/an and some

		72 A/an and the

		73 The 1

		74 The 2 (school/the school etc.)

		75 The 3 (children /the children)

		76 The 4 (the giraffe / the telephone / the piano etc.. the + adjective)

		77 Names with and without the 1

		78 Names with jnd without the 2

		79 Singular and plural

		80 Noun + noun (a tennis ball / a headache

		81 -'s (your sister's name) and of ... (the name of the book



		Pronouns and determiners

		82 Myself/yourself/themselves etc.

		83 A friend of mine  My own house  On my own / by myself

		84 There ... and it ...

		85 Some and any

		86 No/none/any      Nothing/nobody etc.

		87 Much, many, little, few, a lot, plenty

		88 All/all of  most/most of  no/none of etc.

		89 Both/both of  neither/neither of  either/either of

		90 All, every and whole

		91 Each and every



		Relative clauses

		92 Relative clauses 1: clauses with who/that/which

		93 Relative clauses 2: clauses with and without who/that/which

		94 Relative clauses 3: whose/whom/where

		95 Relative clauses 4: extra information clauses (1

		96 Relative clauses 5: extra information clauses (2

		97 -ing and -ed clauses (the woman talking to Tom, the boy injured in the accident)



		Adjectives and adverbs

		98 Adjectives ending in -ing and -ed (boring/bored etc.)

		99 Adjectives: a nice new house, you look tired

		100 Adjectives and adverbs 1 (quick/quickly)

		101 Adjectives and adverbs 2 (well/fast/late, hard/hardly)

		102 So and such

		103 Enough and too

		104 Quite, pretty, rather and fairly

		105 Comparison 1 (cheaper, more expensive etc.)

		106 Comparison 2 (much better /any better / better and better/ the sooner the better)

		107 Comparison 3 (as ... as / than)

		108 Superlatives (the longest, the most enjoyable etc.)

		109 Word order 1: verb + object: place and time

		110 Word order 2: adverbs with the verb

		111 Still, yet and already  Any more / any longer / no longer

		112 Even



		Conjunctions and prepositions

		113 Although/though/even though  In spite of/despite

		114 In case

		115 Unless  As long as  Provided/providing

		116 As (As I walked along the street ... / As I was hungry ...)

		117 Like and as

		118 As if / as though / like

		119 For, during and while

		120 By and until  By the time ...



		Prepositions

		121 At/on/in (time)

		122 On time and in time  At the end and in the end

		123 In/at/on (position] 1

		124 In/at/on (position) 2

		125 In/at/on (position) 3

		126 To/at/in/into

		127 In/at/on (other uses)

		128 By

		129 Noun + preposition (reason for, cause of etc.)

		130 Adjective + preposition 1

		131 Adjective + preposition 2

		132 Verb + preposition I to and at

		133 Verb + preposition 2  about/for/of/after

		134 Verb + preposition 3 about and of

		135 Verb + preposition 4  of/for/from/on

		136 Verb + preposition 5  in/into/with/to/on



		Phrasal verbs

		137 Phrasal verbs 1  Introduction

		138 Phrasal verbs 2 in/out

		139 Phrasal verbs 3 out

		140 Phrasal verbs 4 on/off(l)

		141 Phrasal verbs 5 on/off(2)

		142 Phrasal verbs 6 up/down

		143 Phrasal verbs 7 up(l)

		144 Phrasal verbs 8 up(2)

		145 Phrasal verbs 9 away/back



		Appendices

		Appendix 1 Regular and irregular verb

		Appendix 2 Present and past tenses

		Appendix 3 The future

		Appendix 4 Modal verbs (can/could/will/would etc.)

		Appendix 5 Short forms (I'm / you've / didn't etc.)

		Appendix 6 Spelling

		Appendix 7 American English



		Additional exercises

		Study guide

		Key to Exercises

		Key to Additional exercises

		Key to Study guide

		Index



		В НАЧАЛО










III. УЧЕБНО-МЕТОДИЧЕСКАЯ КАРТА УЧЕБНОЙ 
ДИСЦИПЛИНЫ ДЛЯ ЗАОЧНОЙ ФОРМЫ ПОЛУЧЕНИЯ ВЫСШЕГО 


ОБРАЗОВАНИЯ 
Количество аудиторных 


часов 


Н
ом


ер
 р
аз
де
ла


, т
ем
ы


 


Название раздела,  
темы 


Л
ек
ци
и 


П
ра
кт
ич
ес
ки
е 


за
ня
ти
я 


С
ем
ин
ар
ск
ие


 
за
ня
ти
я 


Л
аб
ор
ат
ор
ны


е 
 


за
ня
ти
я 


И
но
е 


К
ол
ич
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тв
о 
ча
со
в 


У
С
Р


 


Ф
ор
м
а 
ко
нт
ро
ля


 
за
ня
ти
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1 2        
1.  Глобализация в 


образовании 
 12   


  
 


1.1. Образование в 
естественнонаучной 
области (роль, функция, 
назначение, перспективы 
карьерного роста, 
различия в системах 
образования разных стран 
(сравнение с системой 
образования в Республике 
Беларусь). 
Устная тема:  
Соединительные слова.  
Словообразование. 
Атрибутивные группы. 
Пунктуация.  


    


  


 


2.  Работа в команде  12      


2.1. Организация работы в 
команде. Стадии 
командной работы. 
Устная тема: 
Эллиптические 
структуры. 
Глаголы связки и фразы. 


Устная тема по 
специальности: 


Radiation Quantities 


    


  


Глоссарий.  
Презентации 


3. Получение гранта   8      







2 
 


3.1. Типы документов: 
сопроводительное письмо, 
мотивационное письмо, 
рекомендательное письмо, 
аппликационная форма.  
 Орфография. Инверсия. 
Устная тема: Cellular 
response to radiation 


    


  


3,4,5 


4. Научная статья как 
средство технической 
коммуникации. 
Устная тема:  Radiation 
Induced Injury 


 8   


  Глоссарий.  
Презентации 


4.1. Академические стили; 
компоненты статьи 
(структура); 
плагиат: типы плагиата, 
как правильно 
перефразировать, 
сохраняя авторские права. 
Грамматика: 
Усилительные 
конструкции. Модальные 
глаголы.  
Пассивный / Активный 
залог. 
Устная тема: Radiation 
effects on the developing 
embryo and fetus 


    


  1,2,3,4,5 


5. Визуальные опоры.  10      







3 
 


5.1.  Визуальные опоры в 
письменных 
академических текстах: 
графики, таблицы, 
диаграммы; как 
использовать, читать и 
интерпретировать 
графику в устных и 
письменных текстах; 
Грамматика: 
атрибутивные группы. 
Пунктуация.  
Устная тема: Doses and 
risks associated with 
diagnostic radiology, 
interventional 
radiology/cardiology, and 
nuclear medicine 


 
 
 
 
 
 
 
 
 
 
 
 
 


   


  Глоссарий.  
Презентации 


6. Презентация.  18      


6.1. Навыки выполнения 
презентации с целью 
участия в различных 
академических 
мероприятиях. 
Наречия степени: очень, 
слишком, чрезвычайно, 
вполне и т.д. 
Вводные наречия: 
наречия выражающие 
точку зрения. 
Устная тема:  Radiation 
protection  


    


  Глоссарий.  
Презентации 


 Итого  68      
 


Формы контроля знаний: 
 


№ 
п / п 


Форма 


1.  Выборочный контроль на практических занятиях 
2.  Проведение контрольных работ в группе 
3.  Подготовка презентаций 
4.  Написание реферативных работ 
5.  Устный опрос на практических занятиях 
6.  Проведение зачета по курсу 
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Jon Naunton 
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duce copyright material: 


Authors' Agents for an adapted version of 'Cinderella Re
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Fairytales for Feminists pubd. Attic Press, Dublin and a 
slightly adapted extract from an article by Maeve Binchy 
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for extracts from their Florida Brochure 1995; BBC 
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Agents on behalf of the Chichester Partnership for an 
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Brown Ltd. Copyright © 1938 by Daphne du Maurier 
Browning; Victor Gollancz Ltd/Viking Penguin, a division 
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'Courage Beyond the Call' from Bookcase 
September/October 1994 p7; Solo Syndication & Literary 
Agency Ltd for adapted articles 'Blind Man who tried to 
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Life of Crime' from Mail on Sunday; the Author, Polly 
Toynbee for an adaptation of her article 'Jungle 
Warefare' in The Guardian 19.12.87. 
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duce copyright material: 
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Rapport for 150, Longman/Alan Spain for 178/Gareth 
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for 170r, Mary Evans Picture Library for 140tr,160, 
Mirror Syndication/Bulls Press for 69, Penguin for 
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Popperfoto for 106cl,172r, Punch for 110,144,145, 
Range/Bettman archive for 160, Rex Features for 
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162t, Robert Harding Picture Library for 
72,80,128,129b,165,166, 169, Ronald Grant Archive for 
140br, 1661, Royal Geographical Society for 68, Telegraph 
Colour Library for 60,80,92,126r,127m,1961, The Press 
Association for 162b, Tony Stone Images for 
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About the Examination 
The First Certificate examination tests all aspects of 
your English through five "papers". Papers have 
equal importance. 


Paper 1 Reading 1 hour 15 minutes 
Paper 2 Writing 1 hour 30 minutes 
Paper 3 Use of English 1 hour 15 minutes 
Paper 4 Listening about 40 minutes 
Paper 5 Speaking about 15 minutes. 


Paper 1 READING 
This tests your reading and how well you can 
• understand gist (general meaning). 
• guess meaning and make intelligent assumptions 
• find specific information 
• identify the main points, style or purpose of a text. 


The paper is divided into four parts. 


Part 1 MATCHING 


You match headings to paragraphs. See page 36-37. 


Part 2 MULTIPLE CHOICE 


You choose the best answer to a question from four 
choices A,B,C or D. See page 50-51. 


Part 3 GAPPED TEXT 


You match sentences to gaps within a text. See page 
27. 


Part 4 MULTIPLE MATCHING 


You search for information in a number of short texts. 
See page 28. 


Paper 2 WRITING 
You answer two questions each between 120 and 180 
words . Part 1 consists of one compulsory question, 
i.e. you must answer it. Part 2 gives you a choice of 
four questions from which you must choose one. 


Quest ion 1: A letter based around a situation which 
is presented through one or more short texts. See 
page 67. 


Part 1 
For all other questions you are given two or three 


lines of instructions. 


Part 2 
Question 2: An article, report or a letter. 
See pages 25,45,91. 
Question 3: a discursive (discussion), descriptive or 
narrative composition (i.e. a story.) See pages 
123,129,155. 
Question 4: As question 2 or 3. 
Question 5: A composition, article, report or letter 
based around a book you have read. See pages 
59,125. 


Paper 3 USE OF ENGLISH 
This tests grammar and vocabulary. It is divided into 
five parts. 


Part 1 MULTIPLE CHOICE CLOZE (GAP FILLING) 


A text containing 15 gaps is followed by 15 multiple 
choice questions (i.e. choose A,B,C or D). This focuses 
on vocabulary. See page 15. 


Part 2 OPEN CLOZE 


A passage with 15 gaps to be completed. This focuses 
on grammar and vocabulary. See page 25. 


Part 3 KEY WORD TRANSFORMATION 


You are given a sentence which you have to re-write 
using a "key word" and other words. See page 13. 


Part 4 ERROR CORRECTION. 15 QUESTIONS 


You decide which lines of a text are correct. Other 
lines contain an extra and unnecessary word which 
you identify. See page 61. 


Part 5 WORD FORMATION. 10 QUESTIONS 


You are given a text with ten gaps. Each gap has the 
base form of a word which you change into an 
appropriate form to provide the missing word. See 
page 38. 


Paper 4 LISTENING 
This paper is divided into four parts. 


PART 1 UNRELATED EXTRACTS 


Eight short unrelated extracts with multiple choice 
questions. See page 8. 


Part 2 NOTE-TAKING OR BLANK FILLING 


You listen to a text and complete a set of notes. See 
page 35. 
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Part 3 RELATED EXTRACTS 


Five short extracts related to a topic accompanied by 
a matching exercise. See page 20. 


Part 4 EXTENDED TEXT 


A longer text, either a monologue or text involving 
interacting speakers. You answer questions where 
there are two or three possible choices, e.g. 
True/False, three option multiple choice (A,B,C), 
which speaker said what. See page 54. 


Paper 5 SPEAKING 


For this part of the examination candidates are 
usually tested in pairs, in other words, two 
candidates take the examination together. (Of course 
they are assessed individually!) 


There are two examiners: the interlocutor who 
conducts the test and asks questions, and the 
assessor who also gives marks but does not join in 
the conversation. Candidates are marked on 
grammar and vocabulary, fluency and pronunciation. 
The assessor will take into account how well 
candidates interact e.g. take turns to speak, negotiate 
etc. 


The test is divided into four parts. Look at the 
cartoons and notes. 


Part ONE; PERSONAL INFORMATION 


The interlocutor asks you a few personal questions to 
help you relax. 


Part TWO: TALKING ABOUT PHOTOGRAPHS 


Each candidate is given two photographs around the 
same theme to talk about and compare. 
Each candidate has a different theme. For example 
candidate A's photographs could show two different 
kinds of concerts, pop and classical; candidate B's 
photographs show two different jobs. 


Candidates take it in turn to speak but there will 
usually be an opportunity to comment on the other 
candidate's photographs. 


Part THREE: INTERACTIVE TASK 


Together, candidates carry out a task based around 
pictures or other prompts e.g. a diagram, plan, 
pictures of objects, photographs. This could involve 
planning, prioritising, problem solving, speculating 
etc. 


Part FOUR: EXTENSION 


The interlocutor joins in and asks questions to 
develop the discussion from part three. 


For a full example of the interview see page 195 in 
the Reviser Guide. 
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BREAKING THE ICE 


FIRST THOUGHTS 


1 When we first meet new people it is 


important to "break the ice". What do you think this 


means? 


LISTENING 


English overheard 


In Part 1 of Paper 4 (Listening) you will hear a 
number of short, unrelated pieces and be asked to 
answer a multiple-choice question based around each 
one. Listen to the situations and choose the best 
answer: A, B or C. 


2 Break the ice by finding out about your 
classmates. 


Find someone in your class who: 


• lives near you. 
• is going to have a birthday soon. 
• plays a musical instrument. 
• is good at sport. 
• watched the same TV programmes as you last 


night. 
• has an interesting hobby. 
• has the same taste in music. 
• has travelled a lot. 


Examination advice: Always make sure that 
you read the questions first so that you know what 
you have to listen out for. This will help you to 
listen selectively. Don't worry if you can't 
understand everything that is said. 


1 You are outside a hotel room where some 
businessmen are listening to a seminar. The 
speaker is talking about 
A how to be a successful salesman. 
B how to impress strangers. 
C self-confidence. 


2 Two examiners are discussing a candidate. They 
decide to 
A pass the candidate. 
B fail the candidate. 
C discuss her again. 


3 The principal of a language school is talking to a 
student. From what the principal says it is clear 
that the student 
A is ill. 
B can't change her course. 
C has to pay an extra fee. 


4 You overhear this exchange in a travel agent's. 
The two women 
A are old colleagues. 
B are a teacher and old student. 
C are friends who have lost touch. 


5 You are waiting to use the phone in a students' 
residence when you hear a young woman talking to 
her mother. The young woman 
A is working hard. 
B wants to end the conversation. 
C is having problems at the college. 


6 Listen to this landlady talking to a lodger. She says 
that lodgers 
A can't use the kitchen. 
B are allowed to make outside phone calls. 
C can't prepare complicated meals. 
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Imagine that you are at a reception or a party. Choose five of the examiner's questions 
and make small talk with as many people as you can. Remember to be interested and to 
make your conversations lively. Try to use some of the expressions we have just 
looked at. 


SPEAKING 


SPEAKING 


In Part 1 of Paper 5 (Speaking) an examiner will ask you questions to encourage you 
to speak about yourself. This will help you to "warm up" and feel more comfortable. 


1 Listen to the conversation between Adriana, a candidate from Italy, and an 
examiner and find out 


where she comes from exactly, 
her occupation, 
her plans. 


how she spends her free time, 
why English is important for her. 


2 Listen again, and complete the conversation with the examiner's questions. 


EXAMINER: OK Jean-Luc. I'll come back to 
you in a minute. Now it's Adriana, isn't it? 


That's right. 
So, (1) ? 


From Italy. 
I see. (2) ? 


From near Florence. 
Mm, lovely and (3) ? 


I'm a student. I'm finishing 


ADRIANA: 


EXAMINER: 


ADRIANA: 


EXAMINER: 


ADRIANA: 


EXAMINER: 


ADRIANA: 


high school. 
EXAMINER: Huh, huh. And (4) ? 


ADRIANA: Well, I'd like to study 
archaeology. 
EXAMINER: Really? (5) ? 
ADRIANA: Well, we live quite near some, 
erm ancient ruins and ... I have always 
been fascinated by them. 
EXAMINER: I see... And erm... tell me (6) 


ADRIANA: Studying and meeting friends. 
Oh, and playing basketball. 
EXAMINER: 


ADRIANA: 


EXAMINER: 


ADRIANA: 


EXAMINER: 


ADRIANA: 


(7) 
Just for fun. Nothing serious. 


Oh really. (8) ? 
For four years now. 


Right... And (9) ? 
Well, it's a Mediterranean 


climate so it's hot and sunny most of the 
year. 
EXAMINER: Lucky you, and erm 
(10) ? 
ADRIANA: It's an important qualification 
to have and also because in summer my 
city is full of foreigners. It's important to 
know English. 
EXAMINER: Huh huh. Right, right. 


3 Managing conversat ions 
Study the completed conversation. 


What words does the examiner use to show that: 
• he understands? 
• he is interested? 
• he is going to move to another topic? 


What sounds does he make to show interest and hesitation? 


4 In pairs, practise reading the dialogue. Make sure that you sound lively and 
interested! 
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THERE'S NO STOPPING \T\ 


FIRST THOUGHTS 


Look at these reasons for studying English and 
number them in order of importance for you. 
Afterwards, compare your answers with a partner. 


To get a good job. 
To pass an examination. 
For travel. 
To speak to foreign visitors. 
To understand the culture of a 


foreign country better. 
To study abroad. 
To please someone else. 


• 
• 
• 
• 
• 
• 
• 


READING 


1 In Paper 1 (Reading) you are given a text 
in which you have to match headings to paragraphs. 
Study this question: 


"You are going to read an article about why different 
people around the world use English. Choose the most 
suitable heading A-H for each part of the article (1-6). 
There is one extra heading which you do not have to 
use. There is an example at the beginning (0)." 


A 
B 
C 
D 
E 
F 
G 
H 


There's no stopping it. 
Foreigners are clearer. 
We are victims of necessity. 
It was all so different. 
Ashamed of my mother. 
You'll need it at conferences. 
Songs are best! 
English around the world. 


2 Let's take the headings A, B and C as examples. 
We need to interpret each heading and then find 
evidence which supports its use. 


A There's no s topping it! 
Interpretation: This shows that the person seems 
to have a negative attitude towards English. They 
believe that nothing can be done to stop its growth. 
Evidence: Veronique Arnaud says: "I don't like the 
way English seems to be taking over." So this heading 
fits best with paragraph 2. 


A few centuries ago, Engl ish was hardly 
spoken by anybody outs ide the Brit ish Isles. 
Yet nowadays, millions of people around the world 
use it in their everyday lives. In many countries it 
has become a political issue. In some places, laws 
discourage people from using English instead of 
the mother tongue. However, it is the behaviour of 
individuals which mostly concerns us here. Today, 
we are going to look at some of those people and 
find out who they are, why they use it, and how 
they feel about it. 


I'm Kurt Thommen from 
Zurich in Switzerland. I'm 
a photographer for a wildlife 
magazine. I need English 
because lots of handbooks are 
written in it and I travel a 
lot. Next month I'm going to 


visit South East Asia. I hope I'll be able to make 
myself understood. I've found it is often easier to 
speak English to other foreigners than to native 
speakers! One American colleague doesn't speak 
slowly enough for me to understand him. It is 
useful to know English, but I don't approve of 
foreigners using English expressions in their own 
language. 


B Foreigners are clearer. 
Interpretation: The paragraph this heads is 
obviously going to mention that it is easier to 
understand other foreigners than native speakers. 
Evidence: Kurt Thommen says the same thing but 
in a different way: "I've found it is often easier to 
speak English to other foreigners than to native 
speakers." 


C We are vict ims of necessity. 
Interpretation: This seems to say that the person 
uses English because they have been forced to. It 
suggests that it is an unwelcome choice. 
Evidence: These ideas seem to summarise best whai 
Adebayo Omere has to say in the whole of his 
paragraph. 
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Hi! My name's Veronique 
Arnaud and I come from 
Quebec, which is in the 
French-speaking part of 
Canada. I'm an accountant in 
a big paper mill. I take care 
of foreign customers, so most 


of the time I have to use English. In Canada 
everything's supposed to be bilingual but I don't 
like the way English seems to be taking over. We 
had a real fight here, you know, to keep hold of 
our French past and identity. This is why I voted 
for independence. 


I'm Cathy Wong and I'm 
from Singapore. I've been 
studying business 
administration in London for 
the past two years. I felt 
really homesick to begin with 
because I'd never been away 


from home. It took me time to get used to living 
on my own and I still miss my parents. They 
brought me up to speak English and I was sent to 
an English-speaking school. When I got here, 
though, I still had a few problems with people's 
accents and the slang that lots of the other 
students used. Some of the lecturers were hard to 
understand at first, and there was lots of business 
jargon to pick up too. Living in London is 
expensive and I almost ran out of money but 
luckily I got a part-time job and now I get by. 


3 Do the rest of the exercise. Remember: first 
interpret the heading then find evidence. 


WRITING 


Using the texts as a guide, write a paragraph 
about yourself. Explain: 


• who you are and where you come from. 
• what you do. 
• why you are studying English. 
• what your biggest problems are with the language. 
• how you feel about English. 
• what your ambitions are. 


I'm Adebayo Omere from 
Nigeria and I'm an 
agricultural engineer. 
English is the official 
language because there are 
so many different languages 
and dialects spoken in 


Nigeria. I have to travel all round the country and 
often English is the only way to communicate. 
This is a pity because it used to be the colonial 
language. I'd rather not use English all the time. 
However, if we had chosen a tribal language, it 
would have caused political problems. So we will 
just have to put up with it! 


Good day. My name is Rob 
Giuliani. I'm fifteen years 
old and I come from 
Melbourne, in Australia. I'm 
second generation Italian. My 
parents came over about 
twenty years ago. I'm 


bilingual because we still speak Italian at home. 
Dad speaks much better than Mum. Sometimes 
her mistakes are really embarrassing and her 
accent is so strong that some people find it 
impossible to understand her. I'm still studying 
but I always spend my spare time out on the 
tennis court. I've won a few local tournaments 
and I'd really like to turn professional. 


I'm Ana Gonzales from 
Sao Paulo in Brazil. It is 
eight years since I started to 
learn English. My biggest 
problem is pronunciation. I 
love listening to English pop 
music which is a great way of 


learning new vocabulary. My dad's a businessman 
and he uses English all the time. He speaks it 
fluently. He managed to pick it up while he was 
working in the States. That's no surprise because 
living in the country is supposed to be the best 
way to learn. Perhaps I'll study there. He wants 
me to speak English well enough so that I can join 
his company. I'd rather work in advertising. 
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VOCABULARY 


Language 


Complete the sentences with these words or expressions: 


pick up jargon mother tongue slang 
bilingual languages accent dialects 


1 Although she was speaking English, her 
was so strong we could hardly understand her. 


2 I went to a computer expert, but when he started 
using all the technical , I got lost. 


3 Young people use a lot of For instance, 
they say copper instead of policeman. 


4 She never studied English but she managed to 
it by living in America. 


5 Even though the language is basically the same, 
there are several different In the south, 
some of the words and structures are different from 
those in the north. 


6 COBOL and PASCAL are two computer 
7 English is Nick's first language. In other words it's 


his 
8 A person who speaks two languages is 


Phrasal verbs 


1 Look at these two sentences: 


A They brought the wine up from the cellar. 
В They brought me up to speak English. 


The meaning of sentence A is clear and literal. It tells 
us about the movement of the wine. Bring and up 
each have their usual and separate meanings. 


In sentence B, bring and up combine to create a new, 
non-literal meaning: to raise/educate. In this book, 
verbs which combine with adverbs and prepositions in 
this non-literal way are called phrasal verbs. 


2 Look at these sentences and decide when the verbs 
and prepositions/adverbs are being used as phrasal 
verbs, i.e. in a non-literal way. 


1 She picked up the pen from the floor. 
2 Can you move your bicycle so that we can get by? 
3 We changed hotel because we couldn't put up with 


the noise. 
4 We have run out of cigarettes. 
5 She picked up Spanish by visiting South America. 
6 The girl ran out of the room. 
7 They put the picture up with a nail. 
8 I don't know how she gets by on her pension. 


3 Which phrasal verbs mean: 


1 to endure/tolerate? 
2 to learn? 
3 to finish? 
4 to manage? 


4 Complete each sentence with one of the four 
phrasal verbs. Remember to use the right tense. 


1 I don't know how they They have six 
children and he doesn't earn very much. 


2 She is very clever. She how to use the 
computer without any training. 


3 We had to come back from holiday early because we 
money. 


4 Passengers are having to long waits at 
airports because of a strike. 


LANGUAGE STUDY 


Identifying basic constructions 


Match constructions 1-15 with sentences A-O taken 
from the texts. 


A I've been studying business administration in 
London for the past two years. 


В Не managed to pick it up while he was working 
in the States. 


С ...if we had chosen a tribal language, it would 
have caused political problems. 


D I'm still s tudying but I... 
E ...he uses English all the time. 
F My parents came over about 20 years ago. 
G I love l istening to English pop music. 
H He managed to pick it up. 
I I've won a few local tournaments. 
J My b iggest problem is pronunciation. 
К I hope I'll be able to make myself understood. 
L Dad speaks much better Engl ish than Mum. 


M I'd never been away from home. 
N ...I was sent to an English-speaking school. 
О Next month I'm going to visit South East Asia. 


1 present simple 
3 past simple 
5 future simple 
7 third conditional 
9 superlative 


11 verb+infinitive 
13 going to future 
15 present perfect 


continuous 


2 past perfect 
4 verb+gerund 
6 present perfect 
8 passive 


10 past continuous 
12 comparative 
14 present continuous 
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Adverbs of frequency 


Rob Giuliani said "I always spend my spare time out 
on the tennis court." Always is an adverb of 
frequency. It tells us how often someone does 
something. 


1 Place these adverbs of frequency on the scale. 


often seldom occasionally 
sometimes rarely usually 


never < > always 


2 The position of adverbs varies. Study sentences 
1-14 and decide if the position of the adverb is right 
or wrong. 


1 Se ldom she uses a monolingual dictionary. 
2 Occasionally, we read English magazines. 
3 He se ldom watches films in English. 
4 Always she comes to class late. 
5 He somet imes is late. 
6 He checks his spelling never. 
7 He gives us often homework. 
8 We rarely write in English. 
9 We study usual ly English in the evening. 


10 They go a lways to the cinema on Fridays. 
II Do you speak often English? 
12 They are never on time. 
13 We a lways should help. 
14 They can somet imes watch English films. 


0 Now decide: 


1 where the safest place to put these adverbs is. 
2 where you put the adverb with the verb to be. 
3 where you put the adverb with modals like can, 


wil l and should. 


4 Pract ice 
Find out from your partner how often he/she: 


• speaks English outside the classroom. 
• uses an English-English dictionary. 
• listens to English on the radio or watches films in 


English. 
• reads and/or writes in English outside the 


classroom. 


USE OF ENGLISH 


1 In Part 3 of Paper 3 (Use of English) you 
have to complete a sentence so that it has a similar 
meaning to the one above it. You must use between 
two and five words including the word given. You 
must not change the word you are given. 


Example: Mr Clark still hasn't put his signature on 
these documents. 
need 
These documents s t i l l . need to be signed by Mr 
Clark. 


1 Laws encourage people to use the mother tongue 
instead of English. 
discourage 
Laws English instead of the mother tongue. 


2 A few centuries ago almost nobody spoke English. 
hardly 
A few centuries ago English was anybody. 


3 I hope people will understand me. 
make 
I hope I'll be understood. 


4 I don't like it when foreigners use English 
expressions in their own language. 
approve 
I do not English expressions in their own 
language. 


5 It was hard to live on my own but I eventually 
became accustomed to it. 
used 
It took me a long time to on my own. 


6 I don't want to use English all the time. 
rather 
I use English all the time. 


7 Some people can't understand her at all. 
impossible 
Some people find her. 


8 People say the best way to learn a language is by 
living in the country. 
supposed 
Living in the country the best way to learn 
a language. 


9 He speaks too quickly for me to understand him. 
enough 
He for me to understand him. 


10 Knowing English is useful. 
know 
It English. 


2 Now check your answers by searching for the 
second sentences in the texts on pages 10-11. 
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CHOOSE YOUR WORDS CAREFULLY 


FIRST THOUGHTS A good way of learning a language is to spend a year working abroad. What kind of job 
do you think you could get? 


USE OF ENGLISH 1 In Part 1 of Paper 3 (Use of English) you have to complete a text by deciding which 
word А, В, С or D best fits each space. Study this example, and the explanations which 
follow. 


My mother-in-law first came to England as an au pair (1) in a doctor's family. She 
was (2) keen... to improve her English and realised that this would be an excellent 
way of doing so. (3) Although... forty years have passed, her memories of this time 
have hardly (4) faded... . Her job was to look (5) after... three energetic youngsters. 
However, her employers (6) allowed... her to spend some time studying and to visit 
the friends she had managed to (7) make. For her, however, the biggest treat of all 
was to have a (8) quick... sleep after lunch, as her main memory is of being 
exhausted by the children! 


A quick sleep 


1 A by B at С in D from 
Choice С is correct because it is the only preposition from the choices available that 
has the correct meaning. We can work for or in a doctor's family. 


2 A interested В bored С keen D excited 
Choice С is correct because interested is usually followed by in and bored by with. 
Excited can be followed by to but has a different meaning. 


3 A Although В Despite С However D Yet 
Choice A is correct. Yet and however could be used between the two clauses but not 
at the beginning of the sentence. Despite has to be followed by a noun, gerund or the 
fact that. 


4 A melted В faded С dissolved D vanished 
Choice В is correct because it is the only verb which has the correct concept. Snow 
melts in the sun; an aspirin d issolves in water. Vanish means to disappear 
completely and without trace. 


5 A for В into С down on D after 
Choice D is correct because even though look can be followed by three other choices, 
their meaning would not make sense in this context. All four choices produce possible 
phrasal verbs. Look into means to investigate; look for means to search for; and if 
we look down on someone it means we consider ourselves to be superior to them! 


6 A let В made С stopped D allowed 
Choice D is correct because it is the only verb which is grammatically correct. 
You make/let someone do something (infinitive without to). You s top someone 
from doing something. 


7 A make В have С take D do 
Choice A is correct because in this context it is the only verb that combines with 
friends. In English, many common nouns and verbs combine in this way. When you 
are studying vocabulary, always make a note of these relationships. 


8 A rapid В speedy С quick D fast 
Choice С is correct. Although all the choices have the idea of speed, we can only talk 
about a quick sleep. It is a kind of idiom which means to have a short sleep. 
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2 Now look at the rest of the text and complete it by 
using one of the choices А, В, С or D. If you find it 
useful, refer to a good monolingual dictionary such as 
the Longman Active Study Dictionary. 


"I'd like some bloody oranges." 


Now, this was in Cambridge, which is, as you 
(1) , famous throughout the world (2) its 
university. Young women were very popular as there 
were (3) any women students and females 
were in (4) supply! She soon met and married 
an Englishman from the university and they 
settled (5) in London. In the (6) days my 
mother-in-law had some language problems. One 
day at the local greengrocer's she noticed, quite by 
(7) , some beautiful oranges half hidden under 
a newspaper. They were known as "blood oranges" 
on (8) of their bright red flesh and distinctive 
(9) In those days, fresh fruit other t h a n 
apples was (10) in winter. Perhaps the 
shopkeeper had reserved this delicacy for favoured 
customers or (11) friends. Plucking up her 
courage my mother-in-law asked "Can I have some 
of those bloody oranges?" {Bloody, of course, is a 
(12) swearword.) He laughed and said: 
"Certainly madam, and you can have some bloody 
apples too!" Everyone in the shop laughed and she 
felt ra ther (13) As you can imagine, it took 
her time to (14) this incident down. 


1 A understand В know С recognise D believe 
2 A from В for С because D of 
3 A just В rarely С hardly D only 
4 A small В low С scarce D short 
5 A down В into С up D for 
6 A first В early С beginning D primary 
7 A mistake В luck С fortune D chance 
8 A view В account С regard D reason 
9 A skin В peel С shell D rind 


10 A sparse В rare С few D scarce 
11 A closed В nearby С next D close 
12 A light В mild С soft D weak 
13 A shy В shameful С ashamed D embarrassing 
14 A live В talk С put D turn 


Examination advice: Always read the entire 
text through before attempting to answer any of 
the questions. This way, you'll get a general idea 
of what it is about and will be able to make more 
informed choices. Remember: study the words 
before and after the gaps. 


Study advice 


As we have seen, this question tests a wide variety of 
grammatical and lexical relationships. In preparing 
for the examination, develop your knowledge and 
awareness of vocabulary. Make lists of the following: 


1 verbs and the patterns they follow 
e.g. • you tell someone to do something. 


• you risk doing something 
• you make someone do something 


2 adjectives wh ich are commonly followed by 
preposit ions 
e.g. • interested in, aware of 


3 preposit ion+noun+preposit ion combinations 
e.g. • by means of, in order to 


4 phrasal verbs and their common meanings 
e.g. • look after: take care of; settle down: make a 
permanent home (and start a family) 


5 words of similar meaning and their 
important differences 
e.g. • skin, peel, shell, rind all deal with the 
concept of a layer covering something else. 
Reference books can give you extra information. Look 
at this entry from Right Word Wrong Word by L.G. 
Alexander published by Longman. 


skin* rind* peel* shell 


-The rind of parmesan cheese is like rock. 
(Not *skin *peel) 
(=the inedible, often hard, outside layer of food such as 
cheese or a thick-skinned fruit) 


-It's not very funny to slip on a banana skin. 
(Not *rind *peel) 
(=the soft, often thin, outer layer of a fruit which may 
be edible or inedible) 


-The top of the mountain is littered with orange peel 
and rubbish. (Not *peels) 
(=the outer layer removed - peeled - from a fruit or 
vegetable before it is eaten; uncountable) 


-My hands are black because I've been shelling fresh 
walnuts. (Not * peeling ) 
(a shell is the outer covering of nuts and shellfish.) 
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ROOTS 


FIRST THOUGHTS 


All the following words are used in everyday 
English. Match each word with its origin. 


Words: bistro, algebra, kiosk, pagoda, safari, tycoon, 
ketchup, swastika, cannibal, anorak. 
Origins: Eskimo, Portuguese, Sanskrit (Ancient 
Indian language), Japanese, Spanish, Turkish, 
Swahili, Hungarian, Arabic, Malay. 


READING 


1 Quickly read the text and find out why 
Louise found learning Greek easier than she 
had at first imagined. 


2 Earlier in the unit we looked at Part 1 of Paper 1 
(Reading) where you have to match headings to 
paragraphs. 
We are now going to look at Part 3 where you match 
missing sentences or paragraphs to gaps in a text. 
Study this example, and the explanations that follow: 
"You are going to read an article about an English 
person studying Greek. Seven sentences have been 
removed from the article. Choose from sentences A-H 
the one which fits each gap (1-6). There is one extra 
sentence which you do not need to use. There is an 
example at the beginning (0)." 


A They fell into two sets. 
В She had no idea that it would be such an 


enjoyable experience. 
С It wasn't so much a question of learning new 


words, more a question of finding out how 
many I already knew. 


D These were things like amphi (both), endo 
(inside), hem (half), hyper (above), hypo 
(below), iso (equal), neo (new), peri (around), 
proto (first), etc. 


E But in Greek, these bits crop up all over the 
place in everyday talk. 


F "Scope" is a good example of this kind of word. 
G My little boy is really interested in dinosaurs. 


I could never remember their names. 
H English has many words composed of Greek 


parts, and it was easy to recognise these parts 
in the words she was learning. 


0-H is the example sentence. It fits logically because 
it explains why Louise found the vocabulary easy. 
1-Е Sentence E begins with "But" which shows 
there is a contrast with what went before. "These bits" 
refer back to poly- and tele-, two prefixes of Greek 
origin. The contrast is that words that may seem 
special in English have a simple everyday use in 
Greek. The sentence after the gap tells us that "poly" 
is just "very", "much' or "many", and "dipso" is "I 
drink" in Greek. 
2-А The plural pronoun "they" refers back to the 
"many connections" of the previous line. The next 
sentence gives details of one of the "sets" Louise 
made. Details of the other set come later. 
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3-D The pronoun "these" refers back to "adjectives 
and prepositions". It reinforces the previous sentence 
with a list of examples of the prepositions and 
adjectives commonly used in English. 
4-F The sentence after the gap tells us that "scope" 
appears in telescope. This is an excellent clue. In the 
sentence before, the writer discusses a set of words 
which are usually put at the end of English words. 
5-C This sentence uses " I " so is an example of 
where Louise is speaking. We should look for speech 
marks (In the missing sentence Louise expands the 
explanation she began in the one before.) Also "new 
words" is a synonym for "vocabulary". 
6-G "saurus" in the missing sentence is an excellent 
clue. The missing sentence states what her problem 
was; the sentence which follows tells us how she was 
able to solve it. A problem turns into something 
which is, in fact, "very funny" instead. 
Sentence В is the dummy sentence. 


3 Read a continuation of the article. Choose from 
the sentences A-H the one which fits each gap (1-6). 
There is one extra sentence you do not need to use. 
There is an example at the beginning (0). 


В 
С 
D 
E 
F 


G 


H 


She might say something on those lines when 
she quarrelled with him later, of course, but 
that was another matter. 
Almost all her guesses were partly correct. 
"It really put me off." 
These were romantic novels. 
This was quite a challenge. 
Things that the people in the story picked up or 
did something with were the easiest. 
After about six months learning Greek, she 
found that she highlighted about 20 words on 
each page of her novel. 
Fortunately, the same words kept coming up 
again and again, and each time she met one, she 
got a few more clues to what they really meant. 


Study advice 


Texts are not a random collection of sentences. 
Writers use a variety of techniques to hold the text 
together: 
• They make logical connections between ideas. 


Causes are linked with results; explanations with 
examples; a statement may be followed by a 
contrasting idea. 


They use forward and backward references to 
connect the text together. Reference words and 
pronouns also provide us with useful clues. 
They use different vocabulary to say the same 
thing in a varied and interesting way. E.g. "new 
words" = "vocabulary". 


A 
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MAKING CONTACT 


FIRST THOUGHTS 1 Two good ways of improving your performance in a foreign language are to have a pen 
friend or to arrange an exchange visit. Has anyone in the class ever done either of these 
things? 


2 If you were responsible for matching people from different countries, how would you 
do it? What problems might there be? 


LISTENING 1 Andrew Williams and his 
wife run "Linguapal", an 
agency which organises 
international exchanges for 
young people. Listen to the 
interview and complete the 
notes with a word or short 
phrase. 


Mr Williams depends on people replying to (1) 
People are asked to write a letter and (2) 
The letter helps him to (3) 
There are (4) questions on the form. The questions deal with everything from 
religious persuasion to (5) 
Mr Williams thinks it is a good idea if people come from similar family backgrounds 
because otherwise it can cause (6) if people come from different backgrounds. 
For example someone from a rich family might expect their own (7a) and 
(7b) 
A person from a poor family might feel (8) about the return visit. 
Mr Williams doesn't believe he should get involved in social (9) 
He gives two examples of mistakes he has made. Once he sent a vegetarian to 
(10a) , and on another occasion he sent (10b) to a family which was keen on 
riding. 


2 Vocabulary in context Join these split sentences. 


1 If you take advantage of a situation. 
2 If you are wel l off 
3 If you can't see the point of something 


4 If you take something for granted 
5 If you don't bother to do something . 
6 If you have a poor att itude towards 


studying 


a you don't want to spend your time or 
take the trouble to do it. 


b the way you think is likely to affect your 
performance. 


с you can't see its reason or purpose. 
d you exploit it for your benefit. 
e you have a lot of money. 
f you always expect it to be there. 


3 Listen again and note how the words and expressions are used. 
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WRITING The compulsory letter 


Quest ion 1 of Paper 2 (Writing) involves writing a transactional letter, i.e. a letter in 
which you try to get something done or find out or give information. This question is 
compulsory, in other words everybody has to answer it. 
It is based around a situation and one or more short texts and notes. 


1 Study the question below and then look at the two answers (A and B) which follow. 


You are interested in organising an exchange visit but only have the advertisement on 
the right. Read the advertisement from an international magazine and the notes which 
you have made below. Write a letter to the 
Linguapal Agency covering the points in your notes 
and adding any relevant information about yourself. 
Write a letter to the agency in 120-180 words in an 
appropriate style. Do not include addresses. 


Notes 
c o s t o f serv ice? 


l e n g t h o f s t a y ? m i n i m u m t i m e ? 


t i m e o f y e a r - s u m m e r ho l idays b e s t . 


pergonal d e t a i l s , s t u d i e s and f a m i l y b a c k g r o u n d . 


To really understand a foreign language and culture 


there is no substitute for a stay in the country 


concerned. Linguapal is a non-profit making 


organisation with more than twenty years experience 


of arranging language exchange visits. For further 


information write to us in English saying why you are 


interested in Linguapal and which country you would 


like an exchange with. Include any relevant 


information about your studies and background. 


Serious applicants only, please. 


Mr and Mrs A. Williams, Linguapal, Box 4000 


2 Which of the two answers: • is written in a more appropriate style? • answers the 
question more fully? • covers the points in the notes? • is better organised? • looks 
better? 


3 Take letter В and rewrite and organise it in a more appropriate style. Make sure that 
it is laid out in a way that makes it clear to read. 


4 Write your own answer to the question. 
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LISTENING 


Now listen to these five young people who have 
all been on exchange visits. They were all asked to 
talk about something that was unfamiliar or difficult. 
Choose from the list A - F the problem each of them 
experienced. There is one extra letter you do not need 
to use. 
A 
В 
С 
D 
E 
F 


Waiting in line 
Using the bathroom 
Different traffic rules 
Understanding people 
Greetings 
Unfamiliar food 


Speaker 1 
Speaker 2 
Speaker 3 
Speaker 4 
Speaker 5 


• 
• 
• 
• 
• 


What were the "clues" which helped you to match the 
speakers to the sentences? 


VOCABULARY 


Collocations 


It is important to know how verbs combine with 
nouns and adjectives to form set phrases. These 
relationships are tested in the multiple choice 
vocabulary questions and sentence transformations 
of the Use of Engl ish paper (Questions 1 and 3). 


J. Combine the verbs in box A with the words and 
phrases in box B. Some of the words in box В can be 
used with more than one verb. 


2 Extend these questions using the phrases we have 
studied and then interview a partner. 


Example: Have you ever made a ....fool of yourself . ? 
Yes I have. Once I asked a stupid question in class 
and everybody laughed at me. 


1 Have you ever made a ? 
2 Do you have difficulty ? 
3 Have you ever been in a situation where you 


couldn't make ? 
4 What does your father/mother do ? 
5 Do members of your family take ? 


USE OF ENGLISH 


Complete the second sentence so tha t it has a 
similar meaning to the first sentence. You must use 
between two and five words including the word given 
Do not change the word given. 


1 You should make the most of being in Paris and 
visit the Eiffel Tower. 
advantage 
You should being in Paris and visit the 
Eiffel Tower. 


2 What is your sister's job, Miranda? 
for 
What does your , Miranda? 


3 She described the robber to the police. 
descript ion 
She the robber to the police. 


4 I hope you enjoy yourselves this evening. 
t ime 
I hope you this evening. 


5 I want you to try as hard as you can, Jenny. 
do 
I want Jenny. 


6 You are making yourself look ridiculous. 
fool 
You yourself. 


7 We found it difficult to turn the key in the lock. 
difficulty 
We the key in the lock. 


8 Paul always expected his mother to be there for 
him. 
granted 
Paul always 


9 Wait your turn like everybody else. 
queue 
Don't like that . 


10 I thought people wouldn't be able to understand 
my Spanish. 
myself 
I thought I wouldn't be able in Spanish. 
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USE OF ENGLISH 


1 In Part 4 of Paper 3 (Use of English) you 
have to carry out an editing exercise. You are given a 
text where some lines are correct and others have an 
extra and unnecessary word. You have to tick any 
correct lines and write any words which should not be 
there. Look at this example and the explanations 
which follow. The extra words are in bold type. In the 
exam, the first two lines are given as examples: 


0 I am studying biochemistry and I want to work 
00 for a drug company when I wil l graduate. 


1 Perhaps I might to continue my studies. After I 
2 finish at university I will do a research. 
3 So it is necessary to reach at a good level 
4 of English because of when I go to international 
5 conferences I'll need to understand all. 
6 My mother, who is a professor, she says that it is 
7 an important language for all kinds of reasons. 
8 Another reason why I am study English is that 
9 I like to relax myself by listening to music. 


10 I hope that to learn new expressions and improve 
11 my listening too. I can mix learning with the 
12 pleasure of music. One other thing e lse is that 
13 there are often foreigners for one dinner at 
14 home who have been invited by my mother, and 
15 usually the English is our "lingua franca". 


Line 00: When is not followed by will (except in 
questions). 
Line 1: Might is followed by the infinitive without to. 
Line 2: Research is an uncountable noun in English. 
Line 3: We do not need a preposition after reach; 
reach has the idea of at or to already. 
Line 4: Because is followed with of when we follow it 
with a noun phrase. We didn't stay at the beach 
because of the rain. If we want to follow because with 
a verb, then we don't use of. 
Line 5: All cannot be used on its own like this. It has 
to be followed by something else, e.g.: all they say. 
(Everything would have been correct.) 
Line 6: There is already a subject in the sentence: "my 
mother", so she is unnecessary. 
Line 8: Study is in the present simple, not the 
continuous. 
Line 9: Relax is not a reflexive verb in English. 
(Enjoy is.) 


Line 10: We can say I hope that I can learn new 
expressions or I hope to learn new expressions. We 
cannot use both to and that. 
Line 12: Else is repeating the idea of one other thing. 
Line 13: We do not use one or articles in front of 
meals after the preposition for: What's for dinner? 
We could, however, say "It was a wonderful dinner." 
Line 15: We do not usually use the article in front of 
languages. However, we could say "The English 
spoken in Aberdeen in Scotland is very clear." 


2 Edit the following text. Identify the correct lines 
and the extra and unnecessary words in the others. 


Dear Mr Williams, 
0 My teacher showed me your advertisement and 


00 told to me I should contact you. I would like to 
1 know how much does your service costs. I would 
2 like you to tell me about how to organise an 
3 exchange. I am seventeen years and come from 
4 Bilbao in Spain. I live together with my 
5 parents in Bilbao. We got used to live in Madrid. 
6 I have started to study the English language 
7 for six years ago and now I would like to make 
8 a progress by spending time in England. 
9 I would like an accommodation in a family with a 


10 girl my age. My mother she says this would be 
11 the best for me. In my free time I like to relax 
12 myself by playing the piano. I also like to go 
13 to shopping. I enjoy listening to pop music 
14 like most of young people. 
15 One other thing else: I am allergic to cats and 


dogs. 


Yours sincerely, 
Marisol Rodriguez 







DECISION TIME SPEAKING 


FIRST THOUGHTS 


1 How do you like to spend your free time? 
How do you feel about these different kinds of 
entertainment? Which would you actively 
participate in? 


Managing conversations 


Turn to the tapescript on p.219. Listen again and 
make a list of expressions the speakers use to: 


• ask for suggestions. 
• make suggestions. 
• express preferences. 


boxing discos heavy metal music card games 
horror films basketball karate reading 
eating out 


JL Write down your answers and then compare your 
opinions with a partner. Use the expressions in the 
box. Example: I can't stand boxing 


LANGUAGE STUDY 


can't stand 
not keen on 
adore 


LISTENING 


loathe absolutely detest 
don't mind fond of really love 


In Part 4 of Paper 4 (Listening) you listen to 
a group of speakers interacting. One of the tasks is 
deciding which person said what. 
You are going to hear a conversation between three 
flatmates: John, Eleanor and Richard. They are 
discussing how to spend the evening. Answer the 
questions by putting 


J (for John) 
E (for Eleanor) 
R (for Richard) 
in the boxes provided. 


1 Who makes the most suggestions? 
2 Who isn't very keen to go out? 
3 Who hates burgers? 
4 Who hasn't seen Cliffhanger? 
5 Who becomes a little bit upset? 
6 Who makes the most successful suggestion? 
7 Who owns the car? 


It's time.../I'd rather... 


1 Look at these two sentences from the Listening. 


Eleanor: I'd rather we did something else. 
John: It's time we left. 


Which tenses are used? 
Are they talking about the past/now/the future? 
Study these two groups of sentences and decide 
which ones are correct. 


1 A It's time to leave for the airport. 
В It's time for us to go to the airport. 
С It's time that we go to the airport. 
D It's time we went to the airport. 


2 A I'd rather go to the theatre. 
В I'd rather that we go to the theatre. 
С I'd rather we went to the theatre. 


In pairs work out a rule for I'd rather and It's time. 


2i What would you say in the following situations? 


1 You feel tired. You think you need a holiday. 
2 A friend suggests going to a party. You would like 


to go to a disco. 
3 You're looking after a small child. It's 11 o'clock. 


You think he ought to go to bed. 
4 It's raining. Your friend suggests walking home. 


You want to take a taxi. 
5 Your favourite pop singer is coming to your town. 


Your friend thinks there will be lots of tickets left. 
You think you should buy them now. 


6 You've been to a party with Bill and Simon. Bill is 
terribly tired. What would you say if he offered to 
drive? 


7 You and your friend are both hungry. Your friend 
suggests a Chinese meal. You prefer Thai food. 


8 This exercise is getting boring! 


Time Out 
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Short replies 


Richard: I've seen it. 
Eleanor: I have too. 


X Match the statements and replies. 


A Carol really liked the film. 


B She'll love the party. 
C I won't eat there again. 
D We can't stand discos. 
E I'd rather go to the cinema. 


F She doesn't mind opera. 
G We didn't enjoy the play. 
H Anita is fond of Chinese foe 


She can't 
either. 
I would too. 
Neither do we. 
So did John. 
They didn't 
either. 
So am I. 
Daisy will too. 
Neither shall I. 


2 When do we use so, too, neither, and either? In 
pairs, work out a rule. Then move around the class 
and find someone who shares your opinions about the 
activities on p22. 


SPEAKING 


An evening ou t 


1 Work in groups of three or four. Your group has 
decided to go out for the evening together. You can 
each spend £20. Look at the options available and 
decide on an evening's entertainment which everyone 
will enjoy. You must all agree about what you will do. 


KINGSWAY ROLLER RINK 
Tonight!!! Roller Disco 


Skating to all the rock and roll classics. 
Entrance £4. 


Ladies free before 7.30 p.m. 
Skate hire £3.50 (£10 returnable 


deposit) 


Enjoy the latest pop videos at the 
VIDEO CAFE 


Meals from £6 Entrance £4.50 


2 In Paper 5 (Speaking) you may have to do an 
activity like this in pairs. Also you will not have any 
written information to guide or help you. Your 
discussion will be based around photographs. 


In pairs, choose two photographs each and tell each 
other which of the activities shown in your pictures 
looks more attractive to you and why. 


USEFUL LANGUAGE 


What would you like to do? 
Why don't we go to the disco? 
Let's have a hamburger instead. 
We could always stay at home. 
How about eating out? 
Do you fancy going to the cinema? 


Now look at all four pictures together and discuss: 


• which ones you would choose if you were going out 
for the evening together. 


• which ones would be best for a group of tourists. 
• which would be the most expensive and difficult to 


organise. 


RANCHEROS TEX-MEX EATERY 
Fabulous menus. 


Eat all you can for £7.50. 


ODEON CINEMA 
Screen One Screen Two 
ROCKY XV1 Last Snows of Spring 


A dying girl finds eternal love. 
Performances at Performances at 
7.10,9.15 £6 6.45,8.50 £6 


THE WHITE RHINOCEROS 
Disco night club 


All the latest sounds at your favourite 
rendezvous. From 8.00 p.m. till 3 a.m. 


Entrance £8 includes one drink. 
Drinks £2 before 10 p.m. 


1 


2 
3 
4 
5 


6 
7 
8 
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THE SPORTING LIFE 


FIRST THOUGHTS 


LISTENING 


1 Look at the collage of different sporting activities. Which ones do you recognise? Are 
there any you have ever done or gone to watch? 


2 In pairs or small groups discuss these questions. 


1 Do you play any sport? 4 Do you have a national sporting hero? 
2 Is there any sport that you hate? 5 Do you prefer individual or team sports? 
3 What's your national sport? 


1 Listen to these short descriptions. Which three activities are being described? 
a 
b 
с 


2 In pairs or small groups make a similar description of your national sport. 
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VOCABULARY 


Do, play or go? 


You do aerobics, play rugby and go skiing (or ski). 


1 Which verbs do we use with the following activities? 


windsurfing sailing baseball motor racing 
athletics chess horse riding volleyball 
tennis swimming football ice hockey 
gymnastics jogging cricket American football 


Note: For wrest l ing and boxing we say " He 
wrestles/He's a wrestler " and "He boxes/He's a boxer" 
without do, play or go. 


2 Which of the sports above do you play on/in a: 
court, track, rink, pool, field, pitch, board, ring? 


3 With which of the sports do you associate the 
following: 


a board, gloves, net, racquet, stick, piece, horse, puck, 
bat? 


b a goal, a set, a game, a draw, a round, a half? 


4 Which of the following c a n ' t you do with a ball: 
throw, bounce, catch, serve, train, tackle, kick, run, 
bowl, pass, pitch, foul, volley, score, cheat? 


5 Where would you find the following people: 
a referee, a fan, an umpire, a linesman, a spectator, 
a cheerleader, a quarterback, a hooligan, a forward, 
a goalkeeper? 


6 Where necessary, correct these sentences: 
a She won the match. 
b She won her opponent. 
с She won a prize. 
d She beat the other player. 


What is the difference between "win" and "beat"? 


1 Read this passage and answer the questions. 
Ignore the gaps for now. 


1 How was the tournament organised? 
2 How did Eva's attitude change? 
3 How close was the final match? 


In Brazil we take beach volleyball seriously. I am 
going to tell you (0)..about. a tournament that took 
place last summer. It was a beautiful sunny day and 
(1) of families and friends turned (2) 
There was a great atmosphere with picnics and 
barbecues. Teams of two girls from up and (3) 
the coast joined in. At first, groups of teams played a 
set (4) each other to see who (5) go 
through to the last sixteen. This first part of the 
competition was just fun but the knock-out part was 
(6) serious. By the time we got to the semi
finals we realised we (7) a chance of winning. 
We won (8) first set easily but lost the second. 
In the final one the others got a big lead and needed 
one (9) point. Their captain was (10) 
tense she lost control of a smash and the ball was just 
out. She got really angry with the umpire! (11) 
we fought (12) to get level and everyone was 
shouting encouragement. The others just gave up and 
we got the points we needed. We (13) sorry, but 
not too sorry, for the other girls, after (14) , 
there's only one winner! Also, we were (15) 
exhausted to feel very much else. 


2Now you have understood the text, complete it by 
using one word only for each of the gaps. To help you 
with this, the words are in the box below. This will 
not happen in the exam! 


down had afterwards all felt more back 
against the last about too up lots would so 


USE OF ENGLISH 


In Quest ion 2 of Paper 3 (Use of English) 
you have to complete a passage in which there 
are 15 gaps. Unlike Question 1 which tests 
vocabulary, the emphasis of Question 2 is on 
grammar. You should always read the text through 
first to get a general understanding of what it is 
about before trying to fill in any of the gaps. 


WRITING 


In Paper 2 (Writing) you may be asked to 
write a report about something like a film, or a 
sporting event. Using the Use of English gap filling 
text as a guide, answer the following question: 
You have been asked to write a report for a local 
newspaper about a sporting (or other) event you 
recently attended. Write between 120-180 words. 


Remember, before you begin writing your answer you 
will need to plan what you are going to say, and make 
a list of the various words and expressions which you 
would like to include. 


25 
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ALL TIME GREATS 


Left: Moss, 
Hawthorn, 
Lewis-Evans, 
Bhera 


Below: 
Michael 
Schumacher 


Left: Juan Fangio receives 
his winner's cup from 
President Per on 


READING You are going to read an article about the great drivers of Formula One motor racing. 
Choose from A-H the sentence or paragraph which fits each gap (1-6). There is one extra 
letter which you do not need to use. There is an example at the beginning (0). 


A This cannot be good for the sport as a whole as it can lead to boredom. In the 
earlier days races seemed to be as much to do with the driver as the machine. 


B Fangio's record of five championship titles were driving for Alfa Romeo, Mercedes 
and Maserati, Lancia and Ferrari! 


C By contrast, a driver like the young German Michael Schumacher fights the car 
round every corner. 


D Before his death at 32 he had won three championships and could have looked 
forward to another, say, six years of competition. 


E There are four who deserve special consideration. 
F It was undoubtedly the wise choice. 
G Victory seems less to do with the talents of the driver. 
H There were few second chances. 
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1 Who for you are the greatest sportsmen and women in the following sports: football, 
tennis, basketball and motor racing? 


2 What do you think attracts people to compete in dangerous sports like motor racing? 


3 Do you know any of the drivers in the pictures? 
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Complete the text about the basketball player, Michael Jordan, by changing the word in 
bold at the end of each line into a noun. 


Michael Jordan's recent (0).decision., to retire from basketball 
to take up a career in baseball is a (1) for the sport. 
Considered the best (2) of all time, Jordan helped win 
the college (3) in 1983, at the age of 20. His impressive 
medal (4) includes two Olympic golds. His 
(5) as a top scorer and arch-
(6) is legendary. 


Taking every (7) that presents itself he has the 
seeming (8) to fly and win the ball from opponents 
30cm more in (9) For this he earned his nickname 
Air Jordan. His personal (10) is immense and his 
(11) at not winning the league title a thing of the 
past. Perhaps (12) made him quit after leading the 
Chicago Bulls to three successive victories. 


DECIDE 
TRAGIC 
PLAY 
CHAMPION 
COLLECT 
SUCCEED 
COMPETE 
OPPORTUNE 
ABLE 
HIGH 
WEALTHY 
DISAPPOINT 
BORED 


USE OF ENGLISH 
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BOOKWORMS! 


FIRST THOUGHTS 


1 Think of a famous example for each category 
of the following types of book: science fiction, spy or 
adventure thrillers, historical novels, detective 
stories, biography, history, travel, serious literature, 
war stories, romantic novels, horror, reference books 


2 Which of the categories do you like to read and 
which do you have to read? 


3 Find out from each other the most boring or 
interesting books you have read recently. 


READING 


1 You are going to read some information 
about books. For questions 1-7 below choose from 
books A-H. Some of the books may be chosen more 
than once. When more than one answer is required, 
these may be given in any order. There is an example 
at the beginning (0). 


Which of the books 


• is a spy story? 
• is considered to be funny? 
• seems to deal with the emotional 


lives of ordinary people? 
• would you recommend to someone 


who likes war stories? 
• has a character who is in danger because 


of a piece of confidential information? 
• continues a story begun by another 


author? 
• was previously published in a different 


way? 
• combines crime and medicine? 


Which t h r e e books contain characters already 
introduced in previous books? 


8 9 10 
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THE BODY FARM 
Patricia D. Cornwell 


Dr Kay Scarpetta, 
investigating the murder of a 
young girl, needs all her 
forensic skill to establish how 
and where she died. At the 
same time Kay's niece, an FBI 
trainee, is accused of breaching 
security, which Kay cannot 
believe... 


MRS DE WINTER 
The sequel to Daphne du 
Maurier's Rebecca 
Susan Hill 


What happened after the fire 
at Manderley? What became of 
Max de Winter, his pretty wife, 
and the evil Mrs Danvers? 
Find out in this evocative 
sequel to the ever-popular 
classic. 


TALES FROM A VILLAGE 
SCHOOL 
Miss Read 


Forty short stories about life in 
a village school, which led to 
Miss Read's bestselling 
sequence of books, are brought 
together and published for the 
first time in book form. 


WILD HORSES 
Dick Francis 
Hot on the heels of Decider, 
which broke all previous 
records, comes the gripping 
story of a man who, entrusted 
with the secrets of the 
confessional, finds himself in a 
moral dilemma that could be a 
matter of life and death. His. 


~ ~ ™ « 
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THE FIST OF GOD 
Frederick Forsythe 


During the dramatic days of 
the Gulf War, an SAS officer 
undertakes the most daring 
assignment of his career - to 
find "The Fist of God", the 
deadly supergun capable of 
firing a nuclear warhead. 


CLOSING TIME 
J o s e p h Heller 


Thirty-three years on, this is 
the long-awaited sequel to 
Catch 22. In a novel of 
breathtaking comic invention 
and originality, Joseph Heller 
revisits the same characters -
older but not necessarily wiser 
- as the twentieth century 
draws to a close. 


LONDON MATCH 
Len Deighton 


The story should have been 
over when the KGB major 
defected, but now some 
revelations threaten to rock 
the foundations of British 
intelligence. The final part of 
Len Deighton's spy trilogy, 
which is also available as a gift 
set. 


FAMILY AND FRIENDS 
Anita Brookner 


Anita Brookner probes deeply 
behind the veneer to observe 
the highs and lows of family 
relationships and friendships. 


2 Where has this information come from? 


A A brochure. 
В The reviews section of a newspaper. 
С A magazine. 
D A university reading list. 


Why would someone read this information? 


A To help them select books. 
В То find out about the authors. 
С То find out where to buy the books. 
D For a critical analysis of the books. 


3 Assuming you could buy these books in 
translation, which one would you give your: 


• mother • brother? • boy/girlfriend? 
• teacher? • father? • sister? • best friend? 


Which one would you most/least like to get as a 
present? 


LISTENING 


1 You will hear five different women talk 
about the books they have read recently. Choose from 
the list A-F what each person thought about the book 
she read. 


A She felt it wasn't as good as the original. 
В She hated the book she read. 
С She thought the characters led depressing lives. 
D She had to stay up late to finish the book. 
E She found the subject of the book unpleasant. 
F She strongly recommends the book she has read. 


Speaker 1 
Speaker 2 
Speaker 3 
Speaker 4 
Speaker 5 


• 
• 
• 
• 
• 


2 Listen again and decide which of the books A-H 
the women had read. 
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VOCABULARY 


Complete these sentences with a word or 
expression using look. 


1 You should it in the dictionary if 
you're not sure of its spelling. 


2 I can't wait to read that new thriller. I'm really 
to it. 


3 What an interesting book. Can I borrow it? 
4 I'll lend it to you provided you it. 
5 Would you mind this book if 


you go to a bookshop? 


LANGUAGE STUDY 


Past simple or present perfect? 


X Read Len Deighton's biography and find out how 
many occupations Len Deighton has had. 


Len Deighton (0)..has led.. (lead) 
an interesting life. He (1) 
(write) for years but he (2) 
(be) also a photographer, waiter 
and even an advertising man. 
He (3) (be born) in London 
in 1922, and (4) (take) his 
first job as a railway clerk. He 


(5) (do) his National Service as a 
photographer, and (6) (be) stationed in 
Germany. It was during his time in Berlin that he 
first (7) (come) into contact with the shady 
world of espionage. Afterwards, he (8) (go) 
on to be an art student at St. Martin's School of 
Art in London. He (9) (work) part-time as a 
waiter in order to make money. While he 
(10) (be) a waiter, he (11) (become) 
deeply interested in cookery and (12) 
(produce) a regular comic strip on the subject for 
The Observer newspaper. (13) (follow) on 
from this, he worked in New York, and (14) 
(return) to England to take over as the art 
director of an advertising firm. At the beginning 
of the sixties he (15) (go) to settle in France 
where he (16) (live) ever since. In 1962, his 
first book, The Ipcress File, (17) (be) 
published. Since then he (18) (write) over 
25 books. Not only (19) (write) his famous 
spy novels but he also (20) (write) a history 
of the Royal Air Force. 


2 Complete the text by changing the verbs in 
brackets into an appropriate form or tense. You may 
need to change the word order. 


When we use the present perfect 


1 Past s imple or present perfect? 


In pairs, discuss why we can say: 


He has been a photographer. 
but not 
He has been a photographer five years ago. 


What did he do when he was in Berlin? 
but not 
What has he done when he was in Berlin1? 


Try and work out a rule. 
We use the present perfect to 
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2 Different uses of the present perfect 


The present perfect can be used in very different 
ways: 
A She has known him for seven years. 
В She's been to India. 
С Oh! You've had a haircut. 
D I've written three letters this morning. 


Which of the four sentences А, В, С and D describes 
something: 


1 that happened in the past where you can still see 
the result now? 


2 that started in the past but which is still going on 
now? 


3 that has happened over a period not yet finished? 
4 that happened in the past but we do not know 


when? 


О Present perfect simple or continuous? 


We use the present perfect simple when an action is 
finished and we want to talk about the result of the 
action: 
Len Deighton has written more than 25 books. •" 
Len Deighton has been writing 25 books. X 


We use the present perfect continuous when we are 
talking about an activity which started in the past 
and is still going on. We are more interested in the 
activity than the result. For example: 
He has been writing for 30 years. 


Look through the biography of Len Deighton once 
more and explain the different uses of the present 
perfect. 
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4 Adverbs and word order 


Put the following sentences into the right order. 
Example: they/ arrived/already/have? 


Have they already arrived? 


1 for/not/she/spoken/him/to/years/has/ten. 


2 had/house/decorated/have/just/their/they. 


3 never/meal/wonderful/a/I/before/have/such/had. 


4 that/you/have/seen/yet/movie? 


5 never/she/musical/been/to/a/has. 


6 are/they/have/waiting/left/or/they/still/already? 


7 food/this/kind/before/ever/she/eaten/of/has? 


8 not/ever/the/he/seen/film/has? 


PRONUNCIATION 


Sentence stress 


1 Every word in a telegram or telex is expensive so 
we limit the number of words to those that carry the 
main meaning. 


For example: I'm coming on Friday. Can you meet me 
at the airport'? becomes 
COMING FRIDAY MEET ME AIRPORT STOP 


We do a similar thing when we speak. Of course, we 
don't leave words out. We just stress the words that 
carry the most meaning. Sentence stress and 
meaning are closely connected. 


The words in bold letters below are strongly 
stressed. Match the sentences with the speaker's 
message. 


1 What have you done with the keys? 
2 What have you done with the keys? 
3 What have you done with the keys? 


MESSAGE 
A I didn't have them last. 
В ....not the cheese! 
С Surely you didn't do something so stupid! 


In pairs practise saying this sentence in different 
ways: You might have killed him. 
How can you change the meaning through changing 
the stress? What effect does this have on the 
message? 


2 Grammar words that are not stressed can become 
weak. Let's hear how this works with some sentences 
in the present perfect. 


Listen to the sentences and decide which words are 
strong and which are weak. Put a line under the 
strong syllables and a circle around the weak ones. 


Example: Len Deighton(s been a)photographer. 
A He's been living in France. 
B He's been writing books for ages. 
C What have you done to my car? 
D How long have you been a dancer? 
E How long have you been learning English? 
F It's late. Where have you been? 
G I've been trying to phone. 


Listen to the sentences again and try to copy the 
speaker's pronunciation as closely as you can. 


SPEAKING 


Role play 


You are going to take part in an interview with a 
famous ballet dancer. Before you begin, practise 
saying these two sentences: 
How long have you been a dancer? 
I've been a dancer for twenty years. 


STUDENT B: You are the ballet dancer. Go to page 
33 for your information. 


STUDENT A: You are the interviewer. You are a 
reporter from Hi! magazine. Find out about 
Lydia/Leonid, why she/he left the former Soviet 
Union, when she/he started dancing, her/his family 
and so on. Ask what has changed in the new Russia. 
Remember that you want an interesting story with as 
much gossip as possible! So ask her/him lots of 
questions about her/his private life. 
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2 Understanding the organisat ion of the letter 
Which words and expressions are used to: 


1 introduce bad news? 4 say and? 
2 move to another subject? 5 make an invitation? 
3 apologise? 6 introduce a surprise? 


KEEPING IN TOUCH 


1 Look at these opening words for different letters. Which ones will contain good or bad 
news? Which are formal and which are informal? 


a I am pleased to inform you... 
b I am writing to enquire about.... 
c I was sorry to hear. 
d Congratulations.... 
e With reference to.... 


2 Think of a continuation for each opening. 


3 What kind of letters do you write and receive the most often? 


An informal letter 


X Celia Walker has just moved to a new flat. She is writing to her brother, Andy, to 
bring him up to date with all her news. Put the letter into the right order. The beginning 
and end have been done for you. 


FIRST THOUGHTS 


WRITING 
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3 Changing the subject 


Anyway, by the way and incidental ly are all ways 
of showing that you are going to change the subject. 
We use them a lot, particularly in informal letters and 
conversation. 
Anyway can mean that you are going to talk about 
something totally different. By the way and 
incidental ly show that you are going to move onto 
something which is less important or which you've 
just remembered. 


4 In pairs, plan and write letters based on one of the 
following situations. 


1 Write to your friends, Paul and Suzanne, 
congratulating them on the arrival of their new 
baby. Give a reason why you won't be able to go to 
the christening. 


2 Write to your friends Sarah and Patrick. 
Congratulate Patrick on finally passing his driving 
test. Invite them to stay for the weekend. Tell them 
what you have been doing recently. 


3 Imagine you are writing to an English friend. Tell 
him or her all your good and bad news. 


VOCABULARY 


Phrasal verbs with take 


1 Match each definition on the right with a phrasal 
verb on the left. 


A take on 1 gain control/responsibility 
B take after 2 start a new activity/hobby 
C take off 3 start liking 
D take over 4 have the same character (or 


looks) as an older relative 
E take to 5 copy/imitate someone 
F take up 6 employ 


2 Complete each sentence with one of the phrasal 
verbs with take. 


1 He was punished for taking his teacher 
2 She has just been taken at the bank. 
3 I am afraid I can't take my new boss; he's 


an extremely unpleasant person. 
4 Can you take while I go to lunch? 
5 You really take your grandfather. You're 


both bad-tempered! 
6 She's so tense, she should take yoga. 


USE OF ENGLISH 


Complete the second sentence so that it has a 
similar meaning to the first sentence. You must 
use between two and five words including the word 
given. Do not change the word given. 


1 I haven't seen her at this disco before. 
t ime 
It's the her at this disco. 


2 This evening I'd prefer us to stay at home. 
we 
I'd at home this evening. 


3 They employ extra staff in the summer. 
o n 
Extra staff in the summer. 


4 Waters has won the final against Graham. 
been 
Graham in the final. 


5 Have you thought about learning to sail? 
take 
Why sailing? 


6 Susan is responsible for student registrations. 
charge 
Susan student registrations. 


7 She hasn't appeared live for years. 
last 
It's years live. 


8 Don't throw that dictionary away. 
rid 
Don't that dictionary. 


9 This terrible weather makes me angry and 
depressed. 
fed 
I this terrible weather. 


10 I'm dying for something to drink. 
d o 
I a drink. 


STUDENT В 
You are Lydia/Leonid. Answer A's questions. Use 
this information. 
Age: 26. Born in Moscow. Started dancing when 
you were six. Mother doctor. Father dancer too. 
Studied music and ballet at conservatory. Like 
classical music and jazz. 
Danced with Bolshoi when 17. Travelled to 
England and France. Four years ago met Italian 
ballet dancer. Defected to West. Love not politics 
the reason. Married dancer. One child. You miss 
parents and sister. Love Russia. Hope to returm 
one day. 
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Your boat has struck rocks on a deserted island and is sinking fast. You only have time to 
pick up three of the objects above. Which would you take? You know nothing about the 
island and may have to stay there for years until you are rescued. 


1 Read the text to find out who Caitlin and Squib are and what is special about them. 
Then complete the text by choosing between the words in bold. 


Of all the places in Britain, (1) any/none is as dangerous as the Scottish Cairngorm 
mountains. In just (2) several/some minutes the weather can change from bright 
sunshine to bitter cold and snow. Almost (3) all/every climbers check the weather before 
setting off but there are always (4) few/a few who go climbing no matter how (5) 
much/many warning they have had. They believe there is (6) few/little danger and 
that somehow the warning does not apply to them. 


Sadly a considerable (7) amount/number of climbers perish each year, but a great 
(8) many/quantity more survive because of the (9) many/much volunteers ready to 
search for them. The most successful is Caitlin McQuilter, a shy, solitary woman with 
(10) few/a few friends apart from her sheep dog, Squib. (11) Both/All make an 
inseparable team ready to go out in (12) all/every weathers on their missions. When 
there is but (13) little/some hope of finding (14) anyone/none alive, they often 
succeed. With patience, determination and (15) a little/a few luck they manage to 
locate (16) a few/few lucky climbers each year. Half-frozen after their long searches, 
Caitlin and Squib refuse (17) a/any publicity and retreat to their small stone cottage. 
Strangely, (18) almost/hardly any of the people who are rescued ever accepts 
responsibility and blames the weather! (19) No-one/Everyone who is interviewed 
seems to forget the great (20) amount/number of energy, money and commitment tha t 
has gone into saving them. 


2i What is the difference between the following? 


1 a She has few friends, b She has a few friends. 
Which one suggests fewer than normal? 


2 a There is l ittle hope, b There is a little hope. 
Which one has the idea of almost no hope at all? 


3 a They spoke to each person in turn, b They spoke to every person. 
Which one has the idea that each person was dealt with as an individual? 


О Which words and expressions can be followed by countable nouns, and which by 


uncountable nouns? 


• all • every • a large number of • a great deal of • a great amount of 
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LISTENING 1 Study the situation and, in pairs, discuss your 
survival plan. 


It is two o'clock in the morning. You and a friend 
are driving along a lonely Canadian mountain road. 
It has been snowing heavily for the past two hours 
and you realise there is no possibility of continuing 
any further because the snow is too deep. You know 
that last winter two travellers died in similar 
conditions. You each have a winter coat and a pair 
of gloves with you. You think there might be a 
petrol station in another kilometre or so. 


2 NOW listen to the radio programme on surviving 
in cold weather and decide if you would have 
survived! 


3 Listen to the interview again and complete these notes. 


Your most important piece of survival equipment is (1) 
Rule number one is (2) 
You should make sure you have the following things in the car: blankets, (3) , 
(4) ,(5) 
You should make sure your window is open (6) on the (7) from the wind. 
Car fumes can kill you in (8) 
You should run your car engine for a maximum of (9) every hour. 
Before you leave on your journey, you should (10) 


4 Look at the tapescript on page 220. What ways does the speaker use for giving advice 
to travellers? 


SPEAKING Work in pairs. Study the notes and give each other advice about travelling in these two 
environments. Add/invent any further advice you can think of. 


STUDENT A: Give В advice about 
crossing a desert. 
Ring ahead with estimated time of arrival. 
Always travel in two vehicles. 
Two spare tyres. Double amount of water, 
e.g. 3 day trip, take 6 days' water. Good 
maps and a compass. 
If anything goes wrong stay near vehicle. 
Burn tyres to attract attention. Rest in 
shade to conserve energy. Don't try to walk. 


STUDENT B: Give A advice about 
making a jungle trip. 
Take medicine chest and snake serum. 
Need water purifying tablets and mosquito 
nets. Wear boots and long trousers - not 
shorts. Presents for people we meet! Take a 
revolver or rifle and maps and compass. If 
things go wrong find high ground and 
open space. If you don't have a transceiver 
radio have rescue flares you can fire into 
sky. 







Survival 


SCARING OURSELVES TO DEATH 


FIRST THOUGHTS 


How safe is it to walk alone in your city? What 
precautions do you take? 


READING 


1 You are going to read a magazine article 
about the dangers of modern living. Before you begin, 
discuss these questions. 


• How safe is it to go out in your city at night? 
• Is it getting better or worse? 


2 Read the article and choose the most suitable 
heading from the list A-H for each part (1-6) of the 
article. There is one extra heading you do not need to 
use. There is an example at the beginning (0). 
Don't worry if you can't understand the meaning of 
every word. This should not prevent you from 
completing the task. 


A More to lose. 
В Dangers of modern living. 
С Self-defence? 
D Living in fear. 
E Lock your car door. 
F Death on a big scale. 
G Better over here. 
H From A to B. 


3 Vocabulary in context 


Find the words and expressions which mean: 


paragraph 0 


paragraph 1 


paragraph 3 
paragraph 4 


paragraph 6 


a attacked and robbed in the street 
b a casual walk 
с shocking and unpleasant 
a totally destroyed 
b killed in large numbers 
с died 
a a tight hold 
b sharp points 
с a claim 
a waits in hiding threateningly 
b quietly and cautiously 


Four out of five Londoners are afraid to go out at 
night because of fear of violent crime. Some have 
given up going out at all! Of course people do get 
mugged and worse - lightning does have to strike 
somewhere. Like most large cities there are areas 
where you don't take an evening stroll. All the 
same, and despite lurid news reports, the chances 
against something really bad happening to you are 
remote. So, just what are the risks? 


London has been visited regularly by war and 
disease. Probably the worst time to have been 
around was in the 1660s. In 1665 the Great Plague 
claimed thousands of lives, while a great part of the 
old city was obliterated in the Great Fire of the 
following year. Two centuries on, in 1849, a cholera 
epidemic wiped out fourteen thousand Londoners. 
This was due to poor sanitation, and the 
introduction of clean water and proper sewers 
eliminated this risk entirely. It is cruelly ironic that 
more died in the influenza epidemic following the 
First World War t h a n in the conflict itself. In the 
Second World War, around thirty thousand 
perished during the "Blitz" bombing raids. 
Compared with these statistics, random attacks on 
individuals pale into insignificance. 


Getting around London can be very bad for the 
health too. Walking is ten times more dangerous 
than travelling by car, riding a bicycle 15 times, 
while the worst of all is travelling by motor cycle, 
where the risks are 33 times higher. As far as 
travelling by Underground is concerned, you would 
have to spend eleven entire life-times travelling by 
Tube before you suffered a serious accident. If from 
birth you travelled by car continuously, you'd be 
dead by the age of 40. 
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Returning to the fear of crime, it is certainly true 
tha t crime has increased. The time when you could 
leave your house unlocked has long gone. 
Burglaries have reached epidemic proportions so 
on go the locks, grills and chains. Perhaps it's 
because nowadays we have more valuables worth 
stealing. However, it is still a far cry from the 
lawless days of two hundred years ago when 
London was in the grip of a crime wave. 


No rich man would venture out after dark without 
an armed bodyguard. Strangling was a favoured 
form of attack. That's w h y unsporting Londoners 
would wear a reinforced metal collar so that their 
attackers would be unable to apply the necessary 
pressure. Some even had spikes set into them! 
Many gentlemen carried a sword concealed in a 
walking stick in case they ran into an unpleasant 
situation. Some years ago on the Underground an 
elderly gentleman enthusiastically "protected" 
himself from a couple of fellow passengers with a 
swordstick. Despite a plea of self defence, he was 
prosecuted by the police! 


It is undeniable that there are more murders than 
there used to be. Cases have gone up threefold 
since the 1960s. Each year around three hundred 
people in London meet their end this way. However, 
spare a thought for New York where, owing to the 
ease with which you can buy guns, the number 
stands at two thousand. 


The real risks that present-day Londoners face are 
more mundane. People who go out armed with 
alarms and tear gas should remember danger lurks 
indoors. Domestic fires and falls are more deadly 
than any modern Jack the Ripper or eccentric 
elderly gentleman. Remember, too, that the biggest 
killers of all, cancer and heart disease, result from 
an unhealthy life-style. Consequently, if we're not 
scaring ourselves to death we're stealthily 
committing suicide by smoking and snacking. So, 
even though it may be a little dark and menacing 
outside, don't give up and hide. Go out for a jog or 
walk the dog - you'll survive longer in the long run. 
Oh, and fit a smoke alarm just in case! 


4 Answer these questions by choosing A, B or C. 
There is one question for each of the paragraphs. 


0 What does the writer believe about crime? 
A People should learn to control their fear. 
B There are dangerous spots in most cities. 
C We are all likely to be a victim of crime. 


1 Which statement is closest to the writer's opinion? 
A Londoners were safest in the last century 
B There are events much worse than crime. 
C There is still some risk from cholera. 


2 Which is the third most dangerous way of 
travelling round London? 
A By bicycle 
B On foot 
C By car 


3 Why has crime increased? 
A People are wealthier than before. 
B People are less careful than once upon a time. 
C We are in the middle of a crime wave. 


4 What does the writer tell us about active self 
defence? 
A Thieves consider it unfair. 
B People used to take fewer precautions. 
C It can get you into trouble. 


5 What was the London murder rate in the 1960s as 
a percentage of the modern New York rate? 
A 5% 
B 10% 
C 20% 


6 What is the greatest danger to Londoners? 
A Fires and falls. 
B Personal habits. 
C Chance attacks by strangers. 
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LANGUAGE STUDY 


USE OF ENGLISH 


Consequences 


1 Look at the words in bold in the text on pages 36-37. Which ones are followed by 
reasons, which by precautions and which by results (consequences)? 


A Rephrase the sentences below using the words at the end of each line. 


1 You should insure your house because it may catch fire, in case 
2 He didn't want anyone to recognise him so the film star wore dark glasses, because 
3 She packed the glasses carefully because she didn't want them to get broken in the 


post, so 
4 He always took a map with him. He was afraid of getting lost, in case 
5 The thief wore gloves because he didn't want to leave any fingerprints. That's why 
6 The notices are in seven languages because the manager wants foreign guests to feel 


welcome, so that 
7 The show was cancelled because she was ill. due to 
8 The trains didn't operate because there had been a heavy snow fall. Consequently 
9 He was young. That's why the judge didn't send him to prison, because of 


10 The exchange rate improved so we got more money, owing to 


3 What advice would you give to a foreigner about where to go in your city and how to 
avoid trouble? Use some of the forms we have examined in the previous exercise. Say 
something about: carrying cash, wearing jewellery, having a map and guide book, people 
and places to avoid. 


J. Has anyone in the class shared a room with a brother or sister? Did this ever cause 
problems? For example, were there arguments about who would sleep where? 


2 Read the text below and find out why the sisters were happy to sleep where they did. 


3 Now complete the text by changing the word in capital letters at the end of each line 
into a suitable form. Think carefully what kind of word you will need, e.g. noun, 
adjective, adverb. 


When I was small I shared a room with my sister, Sue. She slept by the 
window while I was next to the door. I was happy with the (0) arrangement. ARRANGE 
because I was (1) that Guy the Gorilla was going to escape from TERROR 
London Zoo and climb through the window. While he ate up my 
(2) sister I would get away down the stairs! Even though I knew FORTUNE 
this was an (3) fear (why on earth would Guy come to our RATIONAL 
ordinary house in the suburbs?), knowing it was silly made no (4) DIFFERENT 
Years later when I told Sue my (5) reasons for sleeping near the SELF 
door she was able to (6) SYMPATHY 
She confessed (7) that for years she had a similar GUILT 
(8) that an escaped lion was going to come up the stairs. It would BELIEVE 
have me for supper while she got away through the window! Sadly, Guy, 
the bogeyman of my (9) , passed away many years ago. He was a CHILD 
(10) vegetarian who, had he come to my home, would have only HARM 
attacked the fruit bowl. 
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VOCABULARY 


Phrasal verbs using give 


1 Look at these two sentences from the text about 
surviving in London. 
• Some have given up going out at all! 
• Don't give up and hide. 


Give up is being used in two different ways. Look at 
the dictionary entry for give up to see which 
meaning is represented in each case. Note the 
number of each meaning. 


2 Substitute the words in bold with a suitable 
phrasal verb with give. Write down the number of 
the meaning which is expressed 


gave out 2 
Example: The explorer's food finished in the middle 
of the desert. 


1 Can you distribute the books to the class, 
Claudia? 


2 Before she died, she left all her money to the dogs' 
home. 


3 When the plastic caught fire, it produced a 
terrible smell. 


4 Joanna offered her seat to the man with the 
walking stick. 


5 They had to stop the climb when it started 
snowing. 


6 Stop! Stop! I surrender. Don't hurt me any more! 
7 She talked in her sleep and said where the money 


was hidden. 
8 If I were you, I'd stop drinking whisky. 
9 He never returns the books he borrows. 


3 Work in pairs and ask and answer these 
questions. 


Have you ever... 
1 given something away which you regretted 


afterwards? 
2 forgotten to give back a book or record/CD to 


someone? 
3 given up something that you thought was too 


difficult? 
4 given up a bad habit or sporting activity? 
5 been forced to give in and do something you didn't 


want to do, e.g. wear different clothes, visit boring 
relatives? 
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DEVIL'S ALTERNATIVES 


FIRST THOUGHTS 


1 Describe the two photographs to each other 
in as much detail as you can. Say which of the 
people in the photographs you would rather be and 
why. 


LISTENING 


2 Look at the questionnaire which appeared in a 
magazine for young people and decide which answers 
you would choose. 


1 Two friends, Lucinda and Damien, are 
discussing the questionnaire. Listen and find out 
what choices each of them makes for questions 1 
and 2. 


2 Managing conversat ions 


1 In conversations, people often need to create 
thinking time. One way of doing this is by using 
the expressions: You know and I mean. Listen to 
the conversation again and count how many times 
I mean and you know are used. 


2 Sometimes we may not know or be able to 
remember the exact words for describing 
something. Look at the way Lucinda uses sort of 
and kind of in her description of bungee jumping: 


Well, it's a sort of.... you know... it's when you tie 
a kind of cord around your legs and jump off a 
bridge or something like that. It's kind of... you 
know ... elastic. 


3 Work in pairs and practise describing these objects 
to each other. 
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USE OF ENGLISH 


Complete the text by using each of the words in 


the box once only. Of course, in the examination you 


will not have any help like this! 


Austin's luck finally ran out on day 92 when a cobra 
bit him on the arm. He (1) wanted to break 
the world record for living in a glass cage with 
poisonous snakes. (2) was as part of a 
publicity stunt to attract visitors to a snake and 
animal park in South Africa. His companions had 
been no (3) than 36 deadly snakes. They 
included 20 cobras (4) , most dangerous of all, 
six black mambas (5) bite can kill in under a 
minute. He hadn't been (6) to relax for a 
moment as (7) movement which was made 
excited his "room mates". He fed (8) on live 
mice but had to make sure that he didn't touch them 
in (9) he was mistaken for food too! 
By day 92 he had (10) been bitten twice, but 
on both occasions, by a miracle, (11) venom 
entered his bloodstream. One day he even fell on top 
of a black mamba. Fortunately for him, (12) of 
striking, the mamba shot across to the other side of 
the cage. When he (13) bitten for the third 
time, Austin could have left the cage but decided to 
wait for the antidote to arrive. Even though he was in 
terrible pain, he decided (14) he might as well 
die trying to break the record. As it was, he managed 
to survive and spent (15) further two weeks in 
the cage to set a new record of 107 days. 


VOCABULARY 


1 Complete the following sentences with 


words based on live. 


Example: What do you do for a ..living ? 
1 They managed to find three miners who were still 


three days after the underground explosion. 
2 She was sent to prison for for murdering 


her husband. 
3 The rock concert isn't going to be recorded. Instead 


it's going to be broadcast on television. 
4 Young children are often very They have 


so much energy they can't sit still for a minute. 
5 She was married six times in her 
6 Cats are supposed to have nine 


2 Complete the following sentences with a word 
based on die. 


1 "Look after your mother" were his words. 
2 This bottle contains a poison. 
3 The snake and the alligator fought to the 
4 I can't get through; the phone seems to be 
5 There was a silence when he mentioned his 


ex-wife's name. 


3 Complete the following sentences with an 
expression based on l ive or die. 


1 I'm a drink. I'm so thirsty. 
2 She had to the little food she had in 


the hut. 
3 Whales are because people keep 


hunting them. 
4 It took him 20 years to the scandal. 
5 Come quickly, doctor. It's a matter of or 


no and them that it able any instead 
was whose had fewer a case already 
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A NARROW ESCAPE 


FIRST THOUGHTS 


Yoshi comes from Kobe in Japan. While he was 
visiting England an earthquake destroyed his home. 
He would probably have died if he had been there. 
Have you or has anyone in your group ever had a 
narrow escape from an accident or disaster? 


LISTENING 


You will hear people talking in eight different 
situations. For questions 1-8 choose the best 
answer А, В or C. 


1 You turn on your radio and hear someone reading 
an extract from a book. The book is 
A a thriller. 
В a love story. 
С an autobiography. 


2 A studio newsreader is reading the evening 
bulletin. At the end she 
A moves to the next item. 
В announces some good news. 
С hands over to someone else. 


3 You are waiting outside the auditorium for the next 
film to begin. The film that is about to finish is 
A a horror movie. 
В a western. 
С a film about the French foreign legion. 


4 You are in a cafe when you overhear two women 
talking about a car accident. From what you hear 
you can understand that 
A one of the women was driving. 
В the car was hit in the side. 
С what saved one of the women was her seat belt. 


5 A mathematics teacher is talking to a pupil who 
has had trouble with her homework. The teacher is 
A understanding. 
В critical. 
С patient. 


6 You are on the bus when you overhear this 
exchange between a father and a teenage son. The 
father thinks his son 
A has wrong priorities. 
В is an idealist. 
С is selfish like most young people. 


7 You are watching a doctor at work in a park. It is 
A a real emergency. 
В a demonstration on a student. 
С a demonstration on a model. 


8 Listen to this woman on the TV talking about 
another woman. She is talking about her because 
A she is an old friend. 
В she is a famous sailor. 
С she is going to interview her. 


LANGUAGE STUDY 


Ability 


1 Everybody panicked except Blond. She could 
control her fear. 


1 Turn to page 221 and find the first three passages 
we have just listened to. Underline all the other 
words and expressions that are used to talk about 
abi l i ty. 


2 In the first passage why does it say Blond was 
able to get out and not Blond could get out? 


3 What are the differences in structure between 
m a n a g e and succeed? 


2 Complete these sentences. In some cases both 
answers may be correct. 


1 When he was a child , he swim like a fish. 
A was able to В could 


2 We drove into town but we find anywhere 
to park. 
A couldn't В weren't able to 


3 They have finally in selling their old car. 
A managed В succeeded 


4 They escape by climbing through the 
window. 
A were able to В managed 


5 She sing beautifully as a little girl. 
A was able to В could 


6 Good news! I buy the last tickets. 
A could В was able to 


7 Did you to open the tin? 
A succeed В manage 
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VOCABULARY 


Collocations 


In Unit 1 we looked at how verbs combine with nouns 
and adjectives to form fixed phrases. In the passages 
you have just listened to there are further examples 
of these. 


X Turn to page 221-222 and study the tapescript of 
the eight passages you have just heard. Find out 
which verbs collocate with the words and phrases a-1. 


Then match a-1 with the definitions 1-12. 


a an effort 1 to check 
b charge of 2 to have a short 
с one's word conversation 
d a promise 3 to gradually accept 
e one's temper 4 to have a significant effect 
f a warning 5 to assume control 
g attention 6 to try hard 
h a word 7 not do what you said you 
і a difference would 
j an argument 8 to become uncontrollably 
к sure angry 
1 to terms with 9 to discuss angrily 


10 to watcri/listen carefully 
11 to caution 
12 to do what you say you will 


2 Complete the second sentence so that it has a 
similar meaning to the first. You must use between 
two and five words including the word given. Do not 
change the word given. 


1 Listen carefully to what I am about to say. 
attent ion 
Please what I am about to say. 


2 Someone told the boys it was dangerous to play 
by the lake. 
warning 
The boys about playing by the lake. 


3 Jenny and her mother argued over the wedding 
dress. 
argument 
Jenny her mother over the wedding dress. 


4 He finally managed to get over his wife's death. 
terms 
He succeeded his wife's death. 


5 I am going to get very angry in a minute. 
temper 
I am going to in a minute. 


6 If you don't try hard you won't succeed. 
effort 
Unless you'll fail. 


7 What they say doesn't change anything. 
difference 
It what they say. 


8 She assumed control of the business when her 
father retired. 
charge 
She the business when her father retired. 


9 I couldn't speak to her. 
word 
I wasn't with her. 


10 We should always keep our word. 
promise 
We should never 


Study note 
A number of important collocations are on page 
216 of the Reviser Guide. When you come across 
new examples, add them to the section. 
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QUICK THINKING 


FIRST THOUGHTS 


1 How do you contact the emergency services 
in your country? Is there ever a problem with hoax 
(false) calls? 


£i Have you ever rescued someone, or been rescued 
yourself from a difficult situation? 


*j Look at the pictures. What do you think 
happened? What would you do if you came across the 
scene? 


READING 


Choose from the sentences A-I the one which 
fits each gap (1-7). There is one extra sentence which 
you do not need to use. There is an example at the 
beginning (0). 


A Such tales of courage defy belief. 
B He simply lets the facts rivet you, then applies 


his journalistic skills to sketch in the everyday 
human details that make these stories so 
vivid. 


C You have no previous flying experience. 
D Take John Gething, saviour of 12-year-old 


Hayley Rogers. 
E You may have witnessed their acts of courage 


in the gripping BBC television series of the 
same name. 


F For instance, Hayley's story is followed by a 
clear explanation of the ABC of resuscitation -
Airway, Breathing and Circulation. 


G Who can forget his moving film reports from 
the scene of the Ethiopian famine in 1984? 


H A five-year-old girl is trapped beneath the 
wreckage of a container lorry which is about to 
crush her to death any second. 


I The swirling water plaited her hair into what 
was, effectively, a thick rope, pulling her head 
beneath the pool's surface. 
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LANGUAGE STUDY Let's examine two ways of adding emphasis that can be found in the reading text. 


To a large extent, it was Michael who first alerted the world to the scale of the tragedy... 
This is almost the same as Michael first alerted the world to the scale of the tragedy. 
However, by putting It... first, we emphasise that Michael, more than anyone else, was 
responsible. 
(We use It was... that... for things.) 


What soon becomes clear is that when life is on the line, human beings are capable of 
drawing on amazing qualities deep inside themselves. 
This is almost the same as When life is on the line, it becomes clear that human beings... 
Again, by beginning the sentence with What..., we are emphasising what comes next. 


Rewrite these sentences, beginning with the words in bold. 


1 He was rescued from the mountain by 
Caitlin. 
I t w a s 


2 I was moved by her act of courage. 
What 


3 Her telephone call raised the alarm. 
I t was 


4 People who ignore weather warnings 
make me angry. 
What 


5 His rescue took us all by surprise. 
What 


6 We found the missing sailor by chance. 
I t was 


USE OF ENGLISH I Look at the illustrations of a remarkable rescue 
which took place at a sky-diving display in Paris. Tell 
each other what you think happened then quickly read 
the text below to see if you were correct. 


2 Now correct the text. Some lines are correct and some 
have an extra word which should not be there. There are 
two examples at the beginning (0 and 00). 


0 A man knocked unconscious when he jumped • 
00 out of from a plane was saved by the quick 


1 thinking of another one sky diver. This drama 
2 it took place at a sky-diving festival near 
3 to Paris. It began after Italian Maurizio 
4 Brambilla had to thrown himself from a Hercules 
5 aircraft at 15000 feet. He was knocked himself out 
6 on the edge of the plane. Ex-marine Andy Peckett 
7 acted quickly and set off him in a deadly chase 
8 as the Italian was disappeared from sight. 
9 Very few of divers would have acted so quickly. 


10 Rather than to adopt the flat face to earth position, 
11 he dived headfirst to gain the speed. At 240 kph 
12 he caught at Maurizio in a rugby tackle and 
13 opened his chute. He opened his own a few seconds 
14 before impact. Andy, the hero, couldn't feel too 
15 afraid because of it happened so fast. 


WRITING Imagine that you were an eyewitness at one of the incidents described in the review of 
999. Write a report in 120-180 words, explaining to your readers what happened. 
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BEDTIME STORIES 


LANGUAGE STUDY 


FIRST THOUGHTS All around the world small children are told stories at bedtime. What stories were you 
told? What were your favourites? 


Past tenses 


1 Read the beginning of The tale of Little Red Riding Hood and find examples of the 
following past tenses in the text: 


1 the past simple tense, e.g. She went... 
2 the past continuous tense, e.g. She was going... 
3 the past perfect tense, e.g. She had gone... 
4 the past perfect continuous tense, e.g. She had been going... 


NCE UPON A TIME there was a little girl called Little Red Riding Hood 
who lived with her mother. Little Red Riding Hood's grandmother had 
not been feeling very well, so one fine day she decided to visit her. The 
little girl got ready, waved goodbye to her mother and promised to be 
careful. On her arm she carried a basket which contained a cake her 


mother had baked specially. It was a lovely spring morning, the sun was shining and the 
birds were singing, happy that the winter was over. She had been walking a little way 
when the basket seemed to become heavier and heavier. 


So even though Little Red Riding Hood's mother had told her to follow the path 
through the fields, the naughty child decided to ignore her advice and take a short cut 
through a wood. As she went deeper and deeper into it, the cold and darkness frightened 
her. She was making her way along the narrow path when she heard a noise. All of a 
sudden a big, fierce-looking wolf jumped out from behind a bush and came towards her... 
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2 We can use these four past tenses in different 
ways. Study each of the example sentences and the 
description of their use. 


Past s imple 
Once upon a time there was a little girl called Little 
Red Riding Hood who lived with her mother. 
Here the past simple is being used to describe simple 
facts and states. 


The little girl got ready, waved goodbye to her mother 
and promised to be careful. 
Here the past simple is used on its own because the 
events follow each other in a clear chronological 
sequence. 


Past cont inuous 
The sun was shining and the birds were singing. 
Here the past continuous is being used to set the 
scene. 


She was making her way along the narrow path 
when she heard a noise. 
Here the past continuous is being used together with 
the past simple to show that one action was going on 
when it was interrupted by another action. 


Past perfect 
...which contained a cake her mother had baked 
specially. 
Here the past perfect is used to show that the cake 
was baked earlier. In other words it is like the past 
in the past. As well as using the past perfect for 
the "past in the past", we also use it in past 
narratives with these words: 
just/already/yet/recently/once (meaning after) and 
s ince (for duration); for is used with either the past 
simple or the past perfect. 


Past perfect cont inuous 
She had been walking a little way when the basket 
seemed to become heavier . . . 
Here the past perfect continuous is used to show the 
duration of an action up to a point in the past. 


3 Put the verbs in this continuation of the story of 
Little Red Riding Hood into the most suitable tense 
form. 


....licking his lips in anticipation of a tasty meal. He 
(1) (have) fantasies about such a tender and 
delicious dish all day and suddenly his dream 
(2) (come) true. He (3) (not want) to 
chase her as he (4) (feel) weak with hunger so 
instead he (5) (smile) his most friendly smile 
and (6) (ask) her where she (7) (go). 
The girl, who (8) (never see) a wolf before, 
(9) (tell) him all about her grandmother and 
where she (10) (live). By the time the sweet 
child (11) (finish) her tale the wolf (12) 
(already eat) her three times in his imagination, once 
raw, once roasted and once boiled. Jus t as he 
(13) (make up) his mind to attack her he 
(14) (hear) two woodcutters approaching and 
(15) (hurry) off. He (16) (know) they 
(17) (look) for him for some time in connection 
with some sheep which (18) (disappear)! 
Suddenly, he (19) (think) of a clever plan! 
While his supper - Little Red Riding Hood -
(20) (slowly make) her way along the path, not 
realising what a narrow escape she (21) 
(have), the wolf (22) (rush) through the forest 
towards the old lady's door. The cottage door 
(23) (be) locked because the dear old lady 
(24) (forget) to open it after her mid-morning 
nap. Using all his skills as an actor, the wolf 
(25) (pretend) to be the granddaughter by 
copying her voice. Granny (26) (open) the door 
to let "her" in and ... 


4 Working in pairs or small groups, tell each other 
the rest of the Little Red Riding Hood story. Pay 
special attention to your use of past tenses. 


VOCABULARY 


1. Make as many connections as you can 
between the various words and expressions in the 
box. Example: The wicked witch flew away on her 
broomstick. 


wicked witch fairy godmother hero heroine 
to wave a magic wand villain monster to curse 
handsome prince enchanted castle genie 
sleeping beauty to grant a wish curse dwarf 
cruel stepmother flying carpet to cast a spell 
to turn someone into something big bad wolf frog 
wizard evil queen magic lamp broomstick 
giant beanstalk to break a spell dark forest 
raven woodcutter 


2 Tell each other a traditional story from your own 
country. 
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VERSIONS 


FIRST THOUGHTS 


Many fairy stories are set in far off times with 
princesses, knights, witches, wizards, dragons and 
magic wands, mirrors and carpets. How could these 
stories be made more up-to-date and modern? Which 
people and objects would you use in a modern tale? 


LISTENING 


An alternative 
Cinderella 


Listen to this modern version 
of the Cinderella story and 
complete the notes which 
summarise what the speaker 
says. In Part 2 of Paper 4 
(Listening) you have a task 
like this. 


1 One of Cinderella's sisters had a beauty parlour 
and the other had 


2 She entered the competition because if she won 
she could 


3 The newspapers said the Prince was having a 
party because he wanted to and 


4 Fairy Godmother also called herself 
5 The main part of the prize was a 
6 Cinderella had to agree to 
7 The king had organised the party because 
8 Cinderella told the king he could improve his 


finances by 
9 Cinderella's new job was as 


10 Cinderella helped the Prince by 


PRONUNCIATION 


Past tenses 


1 Regular verbs in the past 


Put the verbs in columns according to how their -ed 
ending is pronounced. 


stayed asked waited invited promised 
carried contained decided frightened 


In The tale of Little Red Riding Hood it says It was a 
lovely spring morning, the sun was shining and the 
birds were singing... 


1 Which words would normally be stressed in this 
sentence? 


2 How does this affect the pronunciation of was and 
were? 


3 Listen to this short dialogue which contains was 
and were. When are was and were strong and 
when are they weak? 


A: Where were you last night? 
B: I was at the office. 
A: Were you? 
B: Yes, I was. I was working late. 
A: You were with Paul! 
B: No, I wasn't! 
A: Yes, you were. 


4 Practise reading the dialogue in pairs, paying 
attention to the strong and weak forms. 


LANGUAGE STUDY 


After and afterwards 


We often use after when we want to show the order 
of two or more events. It is all right, particularly in 
speech, to use it at the beginning of a sentence. 


After he killed the dragon he rescued the princess. 
It is clear that killing the dragon was the first action 
and rescuing the princess came second. 


However, if we put after between the events, we 
often follow after with either the gerund or the past 
perfect: 
He rescued the princess after killing the dragon. 
He rescued the dragon after he had killed/after 
having killed the dragon. 


We can avoid the past perfect or gerund by using 
after that or afterwards instead. They always come 
before the second action: 
He killed the dragon. After that/Afterwards he 
rescued the princess. 


2i Was and were 
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WRITING USE OF ENGLISH 


1 In the writing paper you may have to write 
a narrative in the past. 


Read the story and give it a title. 


This story is set in Wales in the Middle Ages. 
There was a prince whose name was Llewellyn. 
He lived in a valley. He had a baby son. He also 
had a dog called Gelert. One day the prince went 
hunting. He left the dog to look after the baby. 
Some wolves came out from a wood. They ran 
towards the cottage. The dog saw the wolves and 
hid the baby. The dog ran outside and fought the 
wolves. He killed two but was wounded. He was 
tired and lay down to sleep. The prince returned. 
He saw the dog covered in blood. He saw that his 
son's cot was empty. He took his sword and killed 
the dog while it slept. Then he heard the baby cry 
and found him. Through the window he saw the 
two dead wolves. Then he understood. He carried 
the dog to the top of the hill and buried it. He 
collected a pile of stones to mark the grave. You 
can still see it today. 


2 The tale is told in a basic way. Expand it to make 
it more interesting. Also, put it in paragraphs and 
vary the use of past tenses. Make sure that you use 
after and afterwards correctly! 


Answer these questions in your version. 


1 What did the prince/the dog/the wolves/his 
house/the valley look like? 


2 What was the time of day and what was the 
weather like at each point of the story? 


3 How did the prince feel at different times? 


1 Read the whole of this text so that you have 
an idea of what it is about. Think of a title for the story. 


A lot of people are familiar with the story of Brave 
Gelert, the dog that faithfully defended the prince's 
son, but which was then killed while it was fast 
(1) through a terrible misunderstanding. 
(2) , only a few people know that the story is 
really a pack of lies. Let me explain. 


About a hundred or so years ago there was a hotel 
owner in Wales who was (3) up with business 
being so bad. His hotel was stuck in the middle of 
nowhere and hardly (4) came to stay. Then, 
one day, he had an idea. A famous prince called 
Llewellyn had lived in the area (5) the Middle 
Ages and had been (6) of dogs. This is 
(7) surprising as hunting was extremely 
popular at that time. So what he did was to (8) 
up the story of the brave and faithful Gelert and how 
he had been killed by his (9) master. 


Of course, people would be far more (10) to 
believe the story if there was something they could 
see. (11) , one day, the hotel keeper went to the 
top of a high hill and built a sort of monument from 
the stones he found (12) around. A friend of 
his, who was, (13) , an accountant helped him 
to construct it. The "legend" soon caught (14) 
and developed a life of its own. Afterwards, people 
came from far and wide to see the spot where the 
hound was buried. (15) to say, business 
became very good for the hotel owner! 


2 Read the text and decide which word A, B, C or D 
best fits each space. 


1 A sleepy B sleepless C sleeping D asleep 
2 A So B However, C Just D While 
3 A fed B called C looked D tied 
4 A no one B everyone C anyone D someone 
5 A while B since C at D during 
6 A keen B crazy C fond D interested 
7 A really B barely C strangely D hardly 
8 A turn B make C call D do 
9 A ungrateful B disloyal C unfaithful 


D disgraceful 
10 A possibly B probably C surely D likely 
11 A So B Then C Actually D Since 
12 A lying B laying C hanging D looking 
13 A anyway B truthfully C incidentally 


D mainly 
14 A up B up with C on D out 
15 A Without B Needless C Nothing D Going 
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RAGS TO RICHES, RICHES TO RAGS 


FIRST THOUGHTS 


Many fairy tales or traditional stories are to do 
with poor people suddenly becoming rich. Can you 
think of any tales like this in your culture? 


READING 


Quickly read the story of Dick Whittington and 
put the pictures in the right order. 
Then answer the questions by choosing А, В, С or D 


1 Why did Dick go to London? 
A Because his parents were dead. 
В It was a long way away. 
С Prospects seemed better. 
D He wanted to experience city life. 


2 What did Dick discover when he tried to find work? 
A There were plenty of jobs available. 
В Things were no better in London. 
С Market stalls were best. 
D People were interested in what he had to say. 


3 Why did Mr Fitzwarren offer Dick a job? 
A It was a response to Dick's story. 
В An apprentice had just left. 
С Dick had managed to take him in. 
D He recognised Dick's great potential. 


4 What was his life like at Mr Fitzwarren's house 
when he first arrived? 
A Comfortable. 
В Completely awful. 
С A mixture of good and bad. 
D Better t h a n he'd known before. 


5 Dick decided to leave London because 
A Alice didn't return the love he felt for her. 
В he was unpopular with the other servants. 
С of a number of reasons. 
D he had been dismissed. 


6 What happened after he had heard the bells? 
A He and the cook became friends. 
В Не was welcomed home. 
С Не returned to the house. 
D He decided to get his cat back. 


7 When the ship returned, Dick 
A gave up his job. 
В had already become wealthy. 
С felt ashamed of his past. 
D achieved his dreams. 


O
nce upon a time there was a poor orphan 
called Dick Whittington. The boy had 
heard stories about the great city of 


London where the streets were paved with gold. 
Although London was a long way from his tiny 
village, this didn't put him off making a bundle of 
his few possessions and setting off to seek his 
fortune. 


Once Dick had arrived, he soon realised that 
work and money were no easier to come by than in 
the country He stopped at every shop and market 
stall to ask for work but the answer was always no. 


Each time he was turned down, his bundle seemed 
to grow a little heavier. By nightfall, he had grown 
tired and hungry and was desperate for somewhere 
to rest. While he was wandering through the streets, 
he saw a doorway of a fine house which looked like 
a good place to take shelter. Using his precious 
bundle as a pillow, he settled down and quickly fell 
asleep. The owner of the house was a rich merchant 
called Mr Fitzwarren who came across Dick on his 
return home. Luckily for Dick, he was a kind-
hearted gentleman. He felt sorry for the lad and 
decided to take him in. He made sure he was fed 
and, on hearing Dick's tale, offered him a job as an 
apprentice. 


The boy was given a place to sleep in the attic 
but was greatly disturbed by the rats and mice that 
lived there too. So, with his last penny, Dick bought 
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a cat which soon chased the rats and mice away. It 
became his greatest friend. 


Dick was deeply grateful towards his master and 
became a trusted member of his household. The boy 
fell for his lovely daughter, Alice, but Dick believed 
that he would never be rich or worthy enough to win 
her hand in marriage. Dick got on well with nearly 
everybody except for the cook, who made his life a 
misery and told him off for the slightest thing. 


Time passed, until one day his master called all the 
servants together. He solemnly told them he was going 
to send a ship off on a long trading voyage. He then 
asked whether anyone had anything they wished to 
send on the voyage which could be sold or bartered. 
Young Dick thought about this a lot and eventually, 
after much heart searching, decided to send his 
beloved cat. 


Afterwards, he felt sad and lonely and the cook's 
treatment of him became more and more cruel. Alice 
seemed more and more unobtainable. Finally he 
couldn't put up with his situation any longer and 
decided to run away. With a heavy heart, he prepared 
his bundle and crept out of the house before anyone 
was awake. As he reached the green fields which 
marked the edge of the city, he heard the bells of a 
nearby church which seemed to be telling him to turn 
back from his journey. What's more, the bells told him 
that he would become Lord Mayor of London, not just 
once but three times. He decided to obey their message 


and returned home before anyone had noticed he was 
missing. 


In the meantime, Mr Fitzwarren's ship had arrived in 
a port of a strange country where no European had 
ever been before. The captain was invited to the royal 
palace for a feast in his honour When he got there, the 
king greeted him and he was taken to a dining room 
where there was a magnificent meal waiting. Yet, the 
moment they sat down to eat, hundreds of rats rushed 
in and ate the food in front of their eyes. The royal 
host was embarrassed and apologised to his guest, who 
told him that what he needed was a cat. The good man 
had no idea what a cat was, so the sailor ordered 
Dick's pet to be sent ashore. It was the first time 
anyone had ever seen one and the king himself was 
even a little afraid of the creature. However, as soon as 
he saw how it dealt with the rats, he was delighted. 
Within a couple of days, the entire palace had been 
cleared of them. The king was so pleased that he gave 
the captain gold and silver in return for the cat. 


Finally, on the ship's return to England, the captain 
handed over the money and jewels he had received and 
Dick became extremely rich. He continued to work for 
Mr Fitzwarren and he eventually married Alice. His 
fortune grew and, as the bells had promised, he became 
Lord Mayor of London. He never forgot what it had 
been like to be poor, and he became famous for the 
good work he did to help the less fortunate and 
orphans. 







Storytelling 


WRITING 


Understanding style 


1 Study this extract from the text and work out 
what the words in bold refer to. How does the writer 
avoid repeating the words captain, cat, k ing and 
palace too often? 


... ever been before. The captain was invited to the 
royal palace for a feast in h is honour. When he got 
there, the king greeted him and he was taken to a 
dining room where there was a magnificent meal 
waiting. Yet, the moment they sat down to eat, 
hundreds of rats rushed in and ate the food in front of 
their eyes. The royal host was embarrassed and 
apologised to his guest w h o told h im that what he 
needed was a cat. The good man had no idea what a 
cat was, so the sailor ordered Dick's pet to be sent 
ashore. It was the first time anyone had ever seen 
one and the king himself was even a little afraid of 
the creature. 


2i Read the following story and rewrite it so that you 
don't repeat the words princess, pond, frog and 
witch too often. 


VOCABULARY 


Time expressions 


Complete these sentences using one of the time 
expressions or words in the box. 


1 The phone rang he was in the bath. 
2 Mary fell very ill and died suddenly the 


night. 
3 Everybody got up and left of the film. 
4 We queued for the tickets two hours. 
5 She told us she had lived in Paris. 
6 The bus arrived half an hour late. 
7 I decide to play tennis it always seems to 


rain. 
8 The plane's arriving in half an hour. let's 


have a cup of tea. 
9 She insisted on staying the concert ended, 


even though it was awful. 
10 We can go to the park and we can visit 


Lucy. 
11 We couldn't get a taxi and we had decided to 


walk, but someone gave us a lift. 
12 Jus t leaving work, he phoned home to say 


he'd be late. 


THE PRINCESS SAW A FROG. The frog was in 
a pond. The pond was near a castle. The frog 
spoke to the princess. The princess was 


surprised. The princess went to the pond every day to 
talk to the frog. The princess fell in love with the frog. 
One day the frog asked the princess for a kiss. The 
princess gave the frog a kiss. The frog turned into a 
handsome prince. A witch had cast a spell on the 
prince. The witch had taken 
the prince's castle. The 
witch lived in the 
castle. The prince 
went to the castle. 
The prince killed 
the witch. The 
princess married 
the prince. The 
princess and the 
prince lived happily 
ever after. 


whenever before while until during 
afterwards at the end for eventually 
in the meantime in the end previously 


Phrasal verbs 


1 Match the phrasal verbs with their definitions. 


A put up with 
В take in 


С find out 
D look after 
E setoff 


F turn down 
G tell off 
H fall for 
I come across 
J get on with 


К turn up 
L put off 


1 
2 


3 
4 
5 


6 
7 
8 
9 


10 


11 
12 


find by chance 
stop/discourage from doing 
something 
criticise 
discover information/facts 
have a (good) relationship with 
someone 
give hospitality/shelter 
endure/tolerate 
take care of 
refuse/reject 
fall in love with/be attracted to 
someone 
leave on a journey 
arrive 


52 
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2 Complete each sentence with one of the twelve phrasal verbs. Remember to use the 
correct form. 


1 They went to the bus station to the time of the next bus to Edinburgh. 
2 They their grandmother's old school books while they were clearing out the 


attic. 
3 The teacher was angry and the pupils for not doing their homework. 
4 A farmer the travellers during the snow storm and gave them a bed 


for the night. 
5 She did not her new boss so she found another job. 
6 Please could you make less noise. It's me my work. 
7 While she was studying in England she her landlady's son and they later got 


married. 
8 I can't your childish behaviour any longer. I'm leaving. 
9 He was for the job because of his dirty appearance and long hair. 


10 A baby-sitter the kids while they went to the cinema. 
11 They finally at the party at twelve o'clock just as everybody else was leaving. 
12 After she had finished loading the car, she on her holiday. 


3 Choose the four phrasal verbs that you find most difficult and write a sentence for 
each tha t clearly shows the meaning of the verb. Use a dictionary to help you if you like. 


1 Transit ive and intransit ive verbs 


Our intuition often tells us all we need to know about the grammar of phrasal verbs. 
However, it is useful to know the difference between transitive and intransitive verbs to 
understand better how phrasal verbs work. 


1 Transit ive verbs 
We can sav 


LANGUAGE STUDY 


But we can't say Anne likes. 
Like is a transitive verb. In other words, it must be followed by an object. Without an 
object it does not make sense. In the Longman Active Study Dictionary transitive 
verbs are shown like this: [T]. 


Intransit ive verbs 
We can say 


We can't say The sun rose the sky. 
This is because r ise does not take an object. It is intransitive. In the Longman Active 
Study Dictionary intransitive verbs are shown like this: [I]. 


3 Using your dictionary, find out if these verbs are transitive or intransitive or both: 
rise, raise, thank, understand, go, see, open, laugh, arrive. 







2 Exploring the grammar of phrasal verbs 


1 With a partner, look at these groups of sentences and quickly decide if they are correct. 
Use your intuition in English! 


A turn up a She turned up. C look after a She looked after. 
b She turned up him. b She looked after him. 
c She turns up late for c She looked him after. 


everything. d She looked after Bill. 
B tell off a She told off. e She looked Bill after. 


b She told off Dick. D get on wi th a She gets on with. 
c She told Dick off. b She gets on her with. 
d She told off him. c She gets on with her. 
e She told him off. d She gets on with Ann. 


2 In pairs or small groups work out the four types of phrasal verbs. Decide: 
• whether each verb is transitive or intransitive. 
• where we can put the object if it is transitive. 
• what happens to the object if it is a pronoun. 


3 Look at the dictionary 
entry for turn up. How 
many different meanings 
does it give? Is the grammar 
of turn up always the same? 


Note The most important 
thing you have to discover 
when you meet a new 
phrasal verb is whether it is 
possible to separate the verb 
and the particle. 


Listen to the story of Alexandre Aufredi and decide if the following statements are true 
(T), false (F) or not stated (NS). 


1 Aufredi was a satisfied man. 
2 He had made his money from the spice trade. 
3 His friends advised him against the venture. 
4 His steward took money to buy goods. 
5 Aufredi's problems started immediately. 
6 There were unpleasant stories about his ships. 
7 His ships returned after seven years. 
8 Everybody in La Rochelle knew where the Aufredis were. 
9 Aufredi's children suffered a great deal. 


10 Aufredi became friends again with his old business associates. 
11 The good work he began continues to this day. 







Storytelling 


1 Turn to the tapescript on p.222-223 and list all the words and expressions which 


• put events in order. 
• use a form or expression based around first or last. 


2 Study these sentences. Which word or expression in bold is used for instructions, 
which for reasons and which for first impressions? 


a At first I didn't think I was going to enjoy the film but surprisingly I did. 
b I don't like horror stories for the following reasons: firstly they give me nightmares, 


secondly they're stupid... 
с OK now, are you ready? First of all, lift the bow with your left hand and draw the 


string back, then... 


3 Now look at these sentences. Which word or expression in bold is used • to introduce 
a last point, • to suggest that something happened after a lot of other actions, • to 
describe the finish of an event, • to suggest that something happened after a long time? 


a We looked everywhere. In the end we found the book in the boot of the car. 
b It was an extremely moving play; at the end everyone applauded the actors. 
с Finally, I would like to thank everybody for continuing to support the history society. 
d The injured mountaineers were losing hope but at last they heard the sound of the 


helicopter. 


4 Complete these two situations using one of the forms given. 


1 At first/ First of all, hold the racquet and ball together. Then/After throw the ball, 
bringing the racquet behind your head. After/Afterwards, throw the racquet and 
your body forward. After/Afterwards hitting the ball, follow through. In the 
end/Finally, prepare yourself for the return 


2 Last month I went to my first football match. At first/First of all, I thought I wasn't 
going to like it. However, after/afterwards ten minutes I started to enjoy it. The 
other team scored first/firstly but after/afterwards we scored twice. Unfortunately, 
after/afterwards we had scored, our best player was injured and in the end/finally 
we lost. 


О In pairs or small groups 


• list reasons either for or against allowing children to watch TV. 
• give instructions to a foreigner about how to make tea or coffee or dance a traditional 


dance! 
• describe a journey where everything went wrong. 
• talk about a situation where you had to revise your first impressions. Begin: At first I 


thought... 
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TALL TALES 


FIRST THOUGHTS 


In England, a favourite excuse when your 
teacher asks for your homework is to say: "I did do it, 
but the dog ate it", or " My young brother threw it 
away." Can you think of any other ridiculous excuses? 


LISTENING 


A tall story 


1 Working in pairs or small groups, try to make the 
connection between a dead cat, a department store 
and a thief! Then listen to the story and see if it is 
similar to the one you invented. 


2 Listen to the story again and answer these 
questions by choosing А, В or С. 


1 From what Arthur says we understand that 
A Carol seldom tells stories. 
В Carol has a reputation as a storyteller. 
С Carol knows a lot of jokes. 


2 The cat 
A was in the street. 
В was asleep under the car. 
С was near the garage. 


3 Why doesn't the woman in Carol's story put the cat 
in the dustbin? 
A The children could find it. 
В She wants to bury it properly. 
С It's against the law. 


4 The woman takes the bag to the department store 
because 
A she thinks her friend can help. 
В she picked it up by mistake. 
С she intends to leave it there. 


5 The middle-aged woman 
A was a customer. 
В had a horrible shock. 
С was trying to escape from the store. 


WRITING 


The narrative composition 


1 In the writing paper there is nearly always a 
question which asks you to tell a story in the past. To 
answer this question well, you should 


1 make sure your composition is relevant, i.e. answer 
the question! 


2 show a good command of past tenses. 
3 show that you can link sentences and ideas well. 
4 use a good range of vocabulary. 
5 write in a well organised and logical fashion. 
6 keep within the word limit set by the exam. 
7 be accurate. 


2 Here is an example answer to the exam task. 
"Write a story ending with the words We never saw 
him again." 
Find out 


1 how many past tenses the writer uses. 
2 the ways in which the writer puts events in order. 
3 how the young man and weather are described. 
4 if the writer uses a good range of vocabulary. 


When we arrived in London, we were two hours 
late because our train had been held up by the 
bad weather. Outside the station it was snowing 
hard and there was a long queue of people 
waiting for taxis. As we were about to join It, a 
young man pulled up In his car and aeked us 
where we wanted to go. Although it was not an 
official taxi, the car wae new and shiny and the 
young man looked clean and reepectable; so we 
decided to accept his offer. When we told him 
that we did not have a hotel, he said he could 
take us to one which wae clean and cheap, 


He put our luggage in the boot and we drove 
off to the hotel. On the way, we chatted and he 
pointed out any Interesting sights. We could 
hardly believe our luck and thought of all the 
people we had left queuing in the freezing cold. 
When we got to the hotel, he told us that he 
would wait while we checked in. After we had 
found out that the hotel was full, we went down 
the steps only to find that our driver had 
disappeared with our luggage. Needless to say 
we never saw him again. 







Storytelling 


WRITING The sixteen pictures make up two stories in the past. Work in groups and decide which 
pictures belong to which story. Afterwards put them in the right order. Try to use the 
tenses and ways of linking ideas we have covered in this unit. Then choose the story you 
liked best and write a composition in 120 -180 words telling the story. 







ACCENT AND CLASS 


In your country, how easy is it to say where somebody comes from and what their social 
position is from their accent or dialect? 


"Cockney" is a dialect spoken by working class people in London. Speakers of standard 
English often believe users of Cockney are ignorant and vulgar. How easy do you think it 
would be for a speaker of Cockney to find a good job? 


1 Read the summary of the play Pygmalion and answer the questions. 


1 Who is Eliza Doolittle and what is her ambition? 
2 How does she think Professor Higgins can help her? 
3 What sort of man is Higgins? Why does he decide to take Eliza on? 
4 How does Eliza change in the course of the play? 


2i Complete the text by changing the words in capitals into the correct form. 


Pygmal ion 


Pygmalion, by George Bernard Shaw, describes the (1) of a 
Cockney flower girl called Eliza Doolittle into someone who could 
pass for a duchess. The person who does this is Professor Henry 
Higgins, a phonetician who is able to place exactly where someone 
was born and their position in society by their (2) His gifts as 
a phonetician are matched by his (3) as a person. 


The play opens in Covent Garden in London where Higgins is 
noting down accents. There he forms a (4) with a fellow 
linguist, Dr Pickering, and the pair meet Eliza, a simple flower seller. 
The men forget all about her. However, the unfortunate Eliza is (5) 
of her accent and her (6) English which prevent her from 
getting a job in a proper flower shop. The following day, she goes to 
Higgins' house to seek his help. Higgins (7) says Eliza's English 
will keep her in the gutter all her life. Pickering bets Higgins that he 
could not pass her off as a duchess in six months and the professor 
finds the challenge (8) 


Higgins teaches her to speak standard English, and - with the 
help of Pickering and Mrs Pearce his housekeeper - trains her in 
manners and (9) introduces her to good society. During this 
process she emerges as a young woman of (10) and sensitivity. 
She fights against Higgins' (11) of her and against his 
(12) rudeness. Pickering is always a gentleman, kind and 
courteous, but Higgins (13) regards Eliza merely as an 
experiment proving his genius. Yet Eliza achieves her (14) and 
a sense of her worth. The play has had (15) versions. The most 
famous, the (16) comedy My Fair Lady, has a different ending: 
Higgins and Eliza come together at the end of the film. 
You may be (17) to know that the play gets its title from the 
(18) legend in which Pygmalion, king of Cyprus, falls in love 
with his own sculpture. The goddess Aphrodite turns it into flesh and 
blood as the woman Galatea. 


TRANSFORM 


PRONOUNCE 
ARROGANT 


FRIEND 


SHAME 
GRAMMAR 


RUDE 


RESIST 


SUCCEED 
BEAUTIFUL 
TREAT 
TOLERATE 
SHAME 
FREE 
VARY 
MUSIC 


INTEREST 
CLASSIC 
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LISTENING 


Listen to this extract from Pygmalion and 
answer these questions by choosing А, В or С. 


1 When Mrs Pearce tells Higgins about the visitor it 
is clear 
A that she disapproves of her. 
В tha t she is unused to having strange people in 


the house. 
С that she is sure Higgins' will want to see her. 


2 How does Higgins feel when Mrs Pearce tells him 
about the visitor? 
A Angry 
В Bored 
С Interested 


3 What does Higgins want to do once he recognises 
the visitor? 
A Send her away. 
В Record her. 
С Find out the reason for her visit. 


4 What does Eliza think about her money? 
A It is a pity to waste it on taxis. 
В That Higgins will want to earn some of it. 
С Higgins will want to teach her for nothing. 


5 What does Eliza think when Higgins calls her a 
baggage? 
A She is a lady. 
В Her t reatment has been unfair. 
С She'll never find a job in a shop. 


USE OF ENGLISH 


Read the review of a production of Pygmalion 
and tick (•) those lines which are correct. Where a 
line has an extra word which should not be there, 
identify the word and write it down. 


0 The new Theatre Club production is Pygmalion / 
00 at the Maida Theatre. I w a s enjoyed it very much. 


1 It is a most amusing and I would certainly 
2 recommend it you for an amusing evening's 
3 entertainment. It was an evening filled with the 
4 laughter. It was a very superb production. 
5 Angela Brown was a marvellous in the role of 
6 Eliza, and yet Bruce Perkins was a superb 
7 Higgins. Percy Evans ought to be congratulated 
8 too for the scenery, which had looked magnificent. 
9 Afterwards, several of people said they had 


10 been preferred the happier ending of the film 
11 version My Fair Lady but me personally I prefer 
12 the bitter-sweet original. I am agree that 
13 this ending is more faithful to Shaw's intentions. 
14 It filled me with enthusiasm feelings for his work. 
15 Tickets are available from the box office. 


WRITING 


You have been asked to write a review of a film 
or play you have seen for a students' magazine. Using 
the summary of Pygmalion and the edited text above 
as a guide, write a review in 120 - 180 words. Think 
about these areas: 


The name of the play/film and the author/director. 
The kind of play/film it is and where it is set. 
The plot. 
How good the actors/direction/scenery are. 
What other people thought about it. 
Whether you would recommend it to other people. 







A Sense of Adventure 
THE BEST OF TIMES? 


FIRST THOUGHTS Look at the selection of photographs. What kind of holiday is shown in each? 


LISTENING 1 Listen to Martin and Amanda's conversation. Which photograph are they talking about? 


2i Managing conversat ions 


Listen again and write down Amanda's side of the conversation. How does she get Martin 
to do most of the talking? How does she show that she is a good listener? 


AMANDA: So (1) Martin? 
MARTIN: The one of the seaside holiday 
and the Punch and Judy show. 
AMANDA: (2) ? 


MARTIN: Well I suppose it reminds me of 
when I was a child. 
AMANDA: (3) you use to have 
holidays like this? 
MARTIN: That's right, and me and my sisters 


used to play on the beach. 
AMANDA: (4) ? 


MARTIN: YOU know, make sandcastles, 
that sort of thing, and hunt for crabs. 
AMANDA: (5) ? 


MARTIN: Yes, there were lots of rock pools 
where they used to live. 
AMANDA: (6) ! 


MARTIN: Yes, it was. 


SPEAKING 1 Work in pairs and take it in turns to ask and answer these questions. 


1 Which of the photographs would you most/least like to be in and why? 
2 Do any of the photographs remind you of any experiences you have had of travel or 


holidays? 
3 What are the ingredients of an ideal holiday for you? 


Remember: 
• give each other your full attention. 
• react to what the other person says. 
• be enthusiastic and interested. 


2 Broadening out the conversat ion 


Look at the list and decide which three things are the most important for you in a 
holiday. Then discuss your answers with your partner. 


excitement 
good food and drink 
romance 
good weather 


shopping 
adventure 
relaxation 
sightseeing 


sporting activities 
different culture and 
way of life 
comfort/luxury 







A Sense oj Adventure 


VOCABULARY Complete these sentences with words associated with hol idays and travel. The first 
letter of each word is given. 


1 We sent off to the tour operators for a b giving details of their holidays in 
Thailand. 


2 Last year we went on p t Everything was organised for us: the flight, 
the hotels and all the entertainments. It was all included in the price. 


3 They're going on s in Kenya. They'll be able to see lots of wildlife. 
4 We brought back some local handicrafts as s Each time we look at them we 


remember what a great time we had. 
5 I wouldn't get a scheduled flight if I were you. c flight would be much 


cheaper. 
6 A holiday r is a town which welcomes and entertains tourists. 
7 Bed and breakfast is £15 a night. If you want h b , it costs an extra £6 


which covers either lunch or dinner. 
8 We really enjoy s -c holidays where we rent a house and look after 


ourselves. 


USE OF ENGLISH 1 Look at the short report of a family holiday. From what is written, do you think the 
family would choose the holiday again? 


2 Read the report again and tick ( • ) those lines which are correct. Where a line has an 
extra word which should not be there, write the word down. 


0 Last year we had a different kind of holiday. We \/ 
00 were used to rent a house in the countryside. 


1 Even though it was lovely, but it was boring too. 
2 Instead, of last year we hired a caravan by the 
3 sea. We left from London early and took the 
4 ferry. We were shocked when we entered to the 
5 campsite - it was too much big. The best thing 
6 was the beach. It was such wide and sandy and 
7 safe for my brother. The caravan was enough 
8 large but it was hard to adapt ourselves to a small 
9 space. I was made friends at the teenagers' club. 


10 We played games and had fires at night. A 
11 French boy he taught me windsurfing. He was 
12 really a funny. The worst thing was a noisy 
13 funfair opposite of the site. One other thing 
14 else was the traffic jams. Nobody could tell 
15 us about how to avoid them. Otherwise I had a 
16 wonderful time. I don't know about my parents! 


WRITING Write a short article for a travel magazine about a holiday or trip you have been on 
recently. Use the report you edited as a guide. Say 


• why you chose the holiday, and where it was. 
• what your travel arrangements were. 
• what your first impressions were. 
• how the holiday was organised. 
• what the general atmosphere was like. 
• which the good things and the less positive things were. 
• what your final thoughts and recommendations are. 







A Sense of Adventure 


WHAT A NIGHTMARE] 


FIRST THOUGHTS What do you think the advantages are of travelling in a group on an organised tour 
compared with travelling independently? 


LISTENING You are going to hear five different women talk about travelling. Which of the sentences 
A-F best summarises what each one has to say? There is one sentence which you do not 
need to use. 


VOCABULARY Look at the tapescript on p. 224 and see how the words in the box are used. 


priceless hopeless helpless valuable hopeful waste of time unhelpful 
worthless invaluable helpful worthwhile 


LANGUAGE STUDY Obligation and necessity 


1 Study these ways of talking about obligation and necessity. Match the sentences and 
the definitions. 


1 You mustn't drink anything straight 
from the tap. 


2 I needn't have taken half my clothes. 
3 We didn't need to book. 
4 You have to declare all your foreign 


currency. 
5 It's one of those things you're supposed 


to do. 
6 You must be here in the lobby by seven 


o'clock. 
7 I must get the pictures developed. 
8 You should take some warm clothing. 


A makes a strong recommendation/ 
emphasises the authority of the speaker. 


B gives advice. 
C says something was done that wasn't 


necessary. 
D is a prohibition. 
E says something wasn't necessary. 
F expresses a strong internal obligation. 
G describes a general duty or 


requirement. 
H describes a rule that may be disobeyed. 


2 In pairs, discuss suitable responses for the following situations. 


1 You saw a wonderful exhibition of African art a couple of weeks ago. Tomorrow is its 
last day. Strongly recommend that your friend sees it. 


2 A hotel receptionist is explaining to a visitor what his/her job involves. What would 
he/she say about his/her duties and responsibilities? What about the things for which 
he/she was not responsible? 


3 You are telling someone the rules of a student hostel. What would you say about 
washing-up, smoking, noise and guests? Which rules are important? Which ones can 
be disobeyed? 


4 You receive a telephone bill warning you that if you do not pay it immediately you will 
be cut off. What do you say to yourself? 


5 You were going to call for a taxi but your friend gave you a lift home instead. What 
would you tell your parents about the taxi? 


A It's OK to break the law. 
B It was marvellous, but take warm clothes. 
C I need another holiday to get over this one. 
D All you need is a good guide book. 
E My group was a nightmare. 
F Don't drink the water! 


• 
• 
• 
• 
• 


Speaker 1 
Speaker 2 
Speaker 3 
Speaker 4 
Speaker 5 
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WRITING A letter of complaint 


Peter Carr went on a Club 20-30 holiday but 
did not enjoy himself very much. 


1 Read his letter and note how many complaints 
he has to make. Which are serious? 


2 Which words and expressions are useful 
for a letter of complaint. 


3 What features of the layout and language 
of this letter make it formal? 


The Managing Director 
Club 20-30 Holidays 
26 Spratt Street 
London Wl 


Dear Sir 


42 Railway Cuttings 


Birmingham 


1st July 1996 


I am writing to complain about a Club 20-30 holiday I went on at the resort of 
Karamelli between 14th and 28th June. 


According to your brochure, accommodation was supposed to be in a small villa. 
However, when I got to Karamelli, I was taken to a modern hotel a mile from the sea. 
Even though it had just been built, there were cracks everywhere and it looked as 
though it was going to fall down. The walls were paper thin and you could hear 
everything from the neighbouring room. 


To make matters worse, there were only two other young people in the hotel and they 
were both men. The hotel had been taken over by a package tour of old age pensioners 
who insisted on playing bingo in the discotheque every evening. Where was the 'night 
life' I had been promised? 


On top of everything, when I mentioned my complaints to your company representative, 
she was extremely rude to me and only reappeared at the end of my stay and became 
abusive when I refused to give her a tip. 


You can imagine how upset I am at having spent a considerable amount of money on this 
holiday. In fact, I expect a full refund plus compensation for the inconvenience and 
discomfort I suffered. I trust you will give this matter your immediate attention. 


I look forward to receiving a satisfactory reply by return of post. If I do not 
receive full satisfaction, I intend to write to the TV programme 'Value for Money' 
and expose your operation. 


Yours faithfully, 


Peter Can 


PETER CARR 


You went on the Rigby Activity Holiday advertised below. Read the advertisement 
carefully, and the notes which give details about 
why you were dissatisfied with the holiday. 
Write a letter complaining about the quality 
of the holiday. Write between 120 - 180 
words in an appropriate style. 


Notes 
• Instructors ex-soldiers - expected too much. 
• Like a prison camp. 
• Not enough surfboards I life jackets. 
• Cabins cold - had to clean them. 
• Not enough food. 
• Cold and frightened! Left after one week. 
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ONCE \N A LIFETIME 


FIRST THOUGHTS 


Imagine you have won a free two-week holiday 
anywhere in the world. Where would you go and 
what would you do? 


64 


READING 


A holiday with a difference 


Read the text and mark on the map the route the tour 
takes. Choose the most suitable answers to the 
following questions and then study closely the 
explanations on page 65. 


1 The buildings in Dakar are 
A fairly new. 
В good to photograph. 
С boring. 
D a contrast. 


2 The isle of Goree 
A imported slaves. 
В used to be important. 
С is a centre for slaves. 
D is cut off from the land. 


3 The journey from Dakar to Bamako 
A moves from rainy to dry country. 
В takes three nights. 
С is not by bus. 
D passes through hills. 


4 The town of Mopti is 
A just like Venice. 
В a market. 
С cosmopolitan. 
D west of Bamako. 


5 Visitors are on the river Niger. 
A required to go 
В discouraged from going 
С recommended to go 
D obliged to go 


WRITING 


Imagine that you have to organise a tour of a 
region in your country. Write a brief description 
of the route the tour will take and the places of 
interest which will be visited. Think about 


• how long the tour will be. 
• the tour's main attractions. 
• how the landscape will vary during the tour. 
• how you will travel (try to vary it). 
• good places for souvenirs. 


Two weeks by rail 
and local taxis in 
West Africa visiting 
Senegal, Mali, 
Burkina Faso and the 
Ivory Coast. 


This escorted tour lets 
you experience two of 
West Africa's most 
important railways, 


the lifelines from the coastal countries of Senegal and 
the Ivory Coast to landlocked Mali and Burkina Faso. 
We use hotels and sleeper trains throughout the tour. 


We spend time in the busy modern coastal capitals of 
Dakar and Abidjan. We also explore the remote region 
of the Niger river around Mopti, where ancient 
kingdoms once held power in this fascinating area of 
West Africa. 


Our journey starts in Dakar, the capital of Senegal, 
which is situated on the Cape Verde peninsula. The 
modern buildings contrast with the lively African 
markets, which are a photographer's delight and a 
source of fine souvenirs such as tie-dyed cloth and 
exquisite jewellery. 


We shall take a boat ride to the Isle of Goree which 
was once an important slave trading centre. Slaves were 
brought here from the interior and shipped to the New 
World until the abolition of this shameful trade. Goree's 
museum and the terrible House of Slaves shows visitors 
what life must have been like. We board the train in 
Dakar for a two-day journey through an ever-changing 
landscape. The train takes us across the dry region of 
Sahel to the lushness of Bamako, the capital of Mali. 
Bamako is a modern city dependent on the river Niger, 
which supports this arid area of West Africa. There are 
busy, colourful markets and many interesting areas for 
us to see and explore. 


The next stage of our journey will be by local taxi 
from Bamako to Mopti with a night stop at Segou on the 
way. Mopti, an important market town, is often called 
the Venice of Africa because it lies in the middle of 
islands and waterways where the Bani and Niger rivers 
join. Mopti is an exotic and fascinating city. It is 
extremely cosmopolitan. Here you will see members of 
many different African tribes who come to Mopti to 
trade. A boat trip on the Niger is a must. There is a wide 
variety of river transport, ranging from marvellous old 
river steamers to narrow canoes called pirogues, the 







type we are going to use. There is a constant flow of 
river traffic carrying all forms of goods to and from the 
major ports with magical names like Gao and 
Timbuctoo. 


Leaving Mopti, we travel by local taxi to Bobo-
Dioulasso in Burkina Faso. The next day we will take 
the train to Abidjan, capital of the Ivory Coast. The train 
journey will take approximately 15 hours and goes from 
arid, landlocked Burkina Faso to the rich green lands of 
the Gulf of Guinea. 


Abidjan is built in an area of lakes, forests and 
beaches. The city has clean, modern buildings but its 
market offers all the excitement of West Africa, with 
exciting spicy foods, colourful traders and African 
music. We will have a guided tour of the city and visit 
the excellent museum. Local craftsmen, who are famous 
for their wood-carvings, will give us the opportunity to 
buy souvenirs. 


Our tour ends in Abidjan and in just two weeks you 
will have experienced many of the different faces of 
West Africa, travelling with the local people as they go 
about their everyday lives on West African railways. 


THE IVORY COAST TRAIN 


Answers to the multiple choice quest ions 


1 A CORRECT 
В WRONG (The market is good to photograph) 
С WRONG (It does not say this anywhere) 
D WRONG (This sentence is incomplete because 


it does not say what the buildings are a 
contrast with.) 


2 A WRONG (It exported them.) 
В WRONG (It still is important.) 
С WRONG (It used to be.) 
D CORRECT (It is an island.) 


3 A WRONG (Although we know the Sahel is dry, 
we are not told if Dakar is rainy.) 


В WRONG (The journey takes two days. We are 
not told if this means two days or three 
nights.) 


С CORRECT (The journey is by train.) 
D WRONG (We do not know this from the text. 


We are told that the landscape changes, but 
not about hills.) 


4 A WRONG (It is called the Venice of Africa, but 
that does not mean that it is just like Venice.) 


В WRONG (It is a market town.) 
С CORRECT (We are told that people of 


different nationalities and tribes mix together.) 
D WRONG (It is east of Bamako.) 


5 The correct answer is C, i.e. Visitors are 
recommended to go on the River Niger. Choices 
А, В and D suggest that there is some sort of 
obligation. 


Student В : 
You are free this weekend. Your friend is going to 
invite you to his/her parents ' house in the country. 
You love the countryside. You finish your course at 
five o'clock at a college near Charing Cross Station 
in London. Make arrangements to meet and ask 
what clothes you need to bring. 


* This refers to the role play exercise on page 67. 
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FUTURE PLANS 


FIRST THOUGHTS 


PRONUNCIATION 


1 How important is it to plan a holiday? 
Do you like to know exactly what you will 
be doing and where you will be staying or 
do you enjoy the unexpected? 


2i When friends go on holiday they 
sometimes come back as enemies. Why do 
you think this happens? Has it ever 
happened to you? What things can go 
wrong? 


LISTENING 


Listen to Julie talking to a friend about 
her planned holiday in the Lake District. 


Put a tick by all the objects in the photo she says she 
is going to take with her this year. 


1 Listen to the difference between the 
pronunciation of 1 in these two words: hotel, hoste l 
In both cases, the tongue rests behind the top teeth. 
However, in hostel, the back of the tongue is also 
raised. 


2 Listen to these words from the listening and 
decide if they are like hotel or hostel. 


HOTEL HOSTEL 


1 holiday 


2 tell 


3 able 


4 lake 


5 kettle 


6 This'll 


7 Well 


8 We'll 


9 lot 


LANGUAGE STUDY 


Ways of talking about the future 


1 Working in pairs, match sentences 1-7 with the 
most appropriate description from A-G. 


1 She will be 30 next June. 
2 Travel agent: There aren't any flights left. 


Customer: In that case, I'll go by train. 
3 The bus leaves at eight o'clock on Mondays. 
4 I'm flying to Paris tonight. 
5 We're going to visit Tunisia this summer. We've 


already booked the tickets. 
6 Look at those clouds. It's going to rain. 
7 You will l ive until you are 100. 


A A future personal arrangement. 
8 A future prediction. 
С A future prediction based on present evidence. 
D A decision taken at the moment of speaking. 
E An event which happens regularly. 
F Something in the future which will definitely 


happen. 
G Something that the speaker has intended to do in 


the future for some time. 
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2 Decide what you would say in the following situations. Use an appropriate way of 
expressing the future. 


1 You feel tired and have decided to stay at home this evening. A friend rings you up to 
invite you to a party. How do you refuse? 


2 A child you are looking after has just dropped its ice-cream and starts to cry. What do 
you say to comfort the child? 


3 Tonight you're responsible for preparing the family's meal. How do you tell a friend 
t h a t you can't go out with him/her? 


4 A cousin is coming to stay for a few days. You promise to meet him/her at the station at 
seven o'clock. What do you say? 


5 Your friend Samira is pregnant. Tell the news to your mother. 
6 A friend is going to visit your home town. Predict what they'll like/dislike about it. 
7 Your friend smokes too much. Warn him/her about future health problems. 


SPEAKING Role play 


Work in pairs. Student A invites Student В home for the weekend. 


Student B: Turn to page 65 for your information. 


Student A: 
Your parents live in the country. You are planning to visit them this weekend, and they 
have said that you can bring a friend. Invite your friend, Student B, to go with you. There 
are two trains on Friday evening: one at five o'clock and one at six. You think that the 
five o'clock train would be better because there will be more seats. They both leave from 
Charing Cross station in London. Your brother will meet whichever train you take. It is 
possible to go for long walks near your parents ' house. Horse-riding and tennis are also 
possible. 


WRITING Compulsory letter 


1 Your friend is going to Brighton in England to do an English course. He/she has 
written a letter to the school and shows you the letter before posting it. The style of the 
letter is OK but there are a lot of mistakes. How would you help your friend to correct it? 


Dear Sir or Madam! 


I am happy that I will come to your school next month to make an English course. 


I write for to know details about the travel from London Gatwick to the school. Also I 
would like an information about how to go to the house of my host family after I will 
arrive. I hope it is an accommodation near to the school and that the family likes the 
youngs . 


The flight is taking me three hours. I will be arrive at the Gatwick airport at two 
o'clock p.m. in the afternoon. How much time do I need for to arrive in Brighton? Can 
I take one bus? How many kilometres is it because maybe I can take one taxi. Would you 
recommend this to me or will it be too much expensive? Maybe there is a bus I could 
take. 


Can you tell to me what class I will make? I want to do many progress during I am 
studying with you. I will enter the university next year and for this I need a good 
level. So I am studying hard when I am in England. How long time is necessary for to 
pass the Proficiency examination? 


I salute you attentively, 


2 YOU have arranged to do a course in a language school in an English-speaking 
country. Write a semi-formal letter to the school finalising travel arrangements and 
asking any final questions you may have about your accommodation and the course. 
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TRAVELLERS 


FIRST THOUGHTS 


1 What famous explorers or travellers has 
your country produced? Is there a modern traveller 
who is often in the news? 


2 Why are most travellers and explorers men? 


READING 


You are going to read about two women 
travellers: Freya Stark and Ffyona Campbell. Look at 
the photographs and try to guess what is different 
about them. 


1 Read Freya Stark's biography and complete the 
notes. 


1893 


1921 


born in England 
injured in an accident 


sailed to Beirut 
Valley of the Assassins published. 


1947 
1950s 
In her eighties 
At age of Euphrates 
At age of 87 


2 What phrases are used in the text to describe 
when she did something? 


3 Phrasal verbs in context. 
Which phrasal verbs in the text mean: to recover 
from, to postpone, to continue? 


WRITING 


Use the notes below to write a biography of the 
explorer Christopher Columbus. 


Columbus 
1451 Born Genoa, Italy. 
1476 Shipwrecked off coast of Portugal. Wanted to 
find short route to India for spice trade. Believed 
world was round and you could go east by sailing 
west. 
1486 Approached Spanish monarchs for support. 
3rd August 1492 Set sail in Santa Maria. 
12th October 1492 Landed San Salvador. 
Returned to Spain and greatly honoured. 
1493-1496 2nd voyage. Discovered Guadeloupe. 
Continued to Jamaica. 
1498-1500 3rd voyage. Discovered Trinidad and S. 
American mainland. 
1499 Sudden revolt against Columbus. Sent back to 
Spain a prisoner but pardoned and compensated. 
1502-04 Final voyage. Returned ill. 
1506 Died Valladolid, Spain. 


• 


Freya Stark 


Freya Stark spent two-
thirds of her life in 
Arabia and published 25 
books. Born in England 
in 1893, she spent much 
of her happy childhood 
in Italy. When she was 
12 she had an accident 
which left her badly 


scarred, and in her teens her parents separated. She 
was a nurse in the First World War and became 
engaged, but her fiance married someone else while 
Freya was getting over typhoid. In 1921 she decided 
to learn Arabic because she believed, "The most 
interesting things in the world are likely to happen 
in the neighbourhood of oil." She put off a voyage to 


Lebanon because of illness but in November 1927 
finally sailed to Beirut. 


In 1934 she published her first success, The 
Valley of the Assassins. In 1947 Freya married an 
old friend but they separated four years later. In the 
1950s she visited and wrote books about Turkey. 
During her eighties she carried on her travels and 
went to Afghanistan and Nepal. When she was 85 
she took a trip down the Euphrates on a raft. Her 
last great journey was when, aged 87, she rode a 
mule through the Himalayas. She died in Italy at 
the great age of 100. She said her desire to travel 
was a result of her childhood: "We had nothing but 
our own intrinsic selves to rely on and came to look 
naturally at the intrinsic qualities of other people. 
Perhaps this is the most important of all assets a 
traveller can possess for it minimises barriers, 
whether of nationality, race or caste." 







A Sense оf Adventure 


READING You are going to read a magazine article about a woman long-distance walker. Seven 
sentences have been removed from the article. Choose from the sentences A-H the one 
which fits each gap (1-6). There is one extra sentence which you do not need to use. 
There is an example at the beginning (0). 


A The Western diet is so fatty compared with African food that even bread tastes 
rich to me. 


В She's also preparing for the final leg of her journey across Europe next year. 
С It also meant coping with loneliness. 
D So that's what I did. 
E I've put on three-quarters of a stone because my body is used to being so active 


and now it's not. 
F And her body will never be the same again. 
G She came close to giving up a number of times. 
H All to realise the dream she's had since the age of 16. 
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USE OF ENGLISH 


1 Part 2 of Paper 3 (Use of English) is a 
gap-filling exercise with an emphasis on testing 
grammar. Study this example and look at the 
categories of words (in bold type) which are often 
omitted. 


When we arrived at the 
island, a launch came to take the 
passengers off the ferry. Night had 
fallen by the time we stepped ashore 
and everything was (1) completely 
black. Unknown to us, the village lay 
(2) at the end of a long, steep, winding 
path. Other travellers who were (3) 
better informed than us eagerly hired 
donkeys to carry themselves and (4) 
their luggage to the top. Having little 
money and being unaware of the climb 
ahead of us, we (5) decided to walk. 


When we arrived at the village, (6) 
all the cheap hotels were full up. There 
was nowhere to camp (7) either. After 
much walking, we finally came (8) 
across a little park, so we took out our 
sleeping bags and made (9) ourselves 
as comfortable (10) as we could on a 
couple of benches we found. (11) 
During the night, bothered by 
mosquitoes, I got up to stretch my legs 
and stood on (12) a low wall admiring 
(13) the stars. I returned to my bench 
and had a (14) few hours' sleep. 


We woke up to discover that we had 
fallen asleep in a garden in a small 
cemetery. Over the wall on (15) which 
I had casually stood, a cliff dropped 
into the sea several hundred feet. 


below. 


1 adverb (modifying an adjective) 
2 preposition 
3 comparative adverb 
4 possessive adjective 
5 verb in the simple past 
6 determiner/pronoun 
7 adverb used with negative expressions 
8 preposition (particle of phrasal verb) 
9 reflexive pronoun 


10 conjunction used in comparatives 
11 preposition 
12 indefinite article 
13 definite article 
14 determiner used with countable nouns 
15 relative pronoun 


2 The following three exercises concentrate on words 
which are often omitted in the gap-filling exercise. 
Complete the sentences using the words in the boxes 
once only. 


1 A it was cold they went for a swim. 
В he locked the car he remembered the 


keys were inside. 
С They left early they wanted to get to the 


airport on time. 
D We'll play tennis it doesn't rain. 
E It was foggy the ferry didn't sail. 
F Helen nor Peter can drive. 
G She married him in of his age. 
H you keep quiet or I'll ask you to leave. 


spite so as because neither if either 
although 


2 A There isn't food for four. 
В That restaurant was expensive. 
С We were upset as anyone came to the 


party. 
D Jane is usually sad but she enjoyed 


herself. 
E There were a few people at the match. 
F We missed the train but managed to 


jump on it while it was leaving. 
G She was annoyed at their rudeness. 
H He asked if there was anything we 


needed. 
I He knows he smokes far much, but he 


won't stop. 
J I do apologise. It was my fault. 


hardly else entirely only quite almost too 
really even enough 
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A Do you want one or that one? 
В She was hiding in the room the time. 
С There are just a tickets left. 
D We had very money left by the time we came back from holiday. 
E he and his father are extremely bad-tempered. 
F Can you tell me the matter is? 
G one would you like? The green one or the orange one? 
H It was one of moments I shall never forget. 


both those few what little all which this 


3 Complete this passage by choosing between the words in bold. 


Marco Polo was born in Venice in about 1254. 
(1) Both/All his father and uncle were leading 
merchants who had (2) already/still met the 
Mogul emperor, Kublai Khan. When he was 17, 
Marco set off with them on an adventure (3) who/ 
that would last over 20 years. They passed through 
Turkey into northern Iran. In Afghanistan they 
stopped for a year, recovering from malaria. They 
continued overland (4) through/along the Great 
Silk Road and across the Gobi desert. 


(5) So/Eventually, in 1275, they reached the summer capital (6) when/where they met 
the emperor, (7) that/who was impressed by Marco. The young man was sent on 
missions to report back on his master's vast empire. (8) Although/However the 
travellers wanted to return home, their opportunity only came 17 years later. They could 
go (9) provided/whether they accompanied a Mogul princess to Persia. 


They took what, in those days, (10) should/must have been a dangerous sea voyage (11) 
by/down the east coast of China and Vietnam. They passed up (12) a/the west coast of 
India and finally reached Persia. When they arrived in Venice (13) hardly/ almost 
anybody believed (14) they/them to be still alive. Amazingly this story would have gone 
unrecorded if Marco had not been captured in a sea battle. (15) In/During his captivity 
he dictated his story to a fellow prisoner. 


4 Complete the passage using only one word for each gap. 


For a fortnight each summer we used to rent the same house by the sea. The house, 
(1) owner worked with my uncle, was on a cliff top overlooking the Channel. 
(2) it was only a couple of hours' drive away from our house, our preparations 
would (3) done justice to a polar expedition. Suitcases (4) taken down from 
the attic and filled (5) clothes for all (6) of weather. Somehow, all these 
things would find themselves pushed (7) the boot. Anything extra (8) 
placed under the seats. (9) everyone had climbed aboard, (10) was just 
enough space for me between my grandparents. On the way there three (11) 
always happened: we (12) stop at a pub to please grandfather, eat an enormous 
picnic, and I would (13) be car sick. These experiences probably help to explain 
(14) I always insist (15) travelling light, preferably by train. 







iChanqes 
BLOOD IS THICKER THAN WATER . . 


FIRST THOUGHTS 1 Look at these four photographs of typical family occasions. What are they and how ar 
they different from what happens in your country? 


2 How possible is it to stay friends with someone all your life? 


LISTENING 1 Rosie York was asked to think of the most important people in her life now and five 
years ago. Then she had to arrange them in two circles according to how close she was to 
them. Study Rosie's social circles and try and guess what changes have taken place in 
her life. 


Five years ago Today 


2 Listen to Rosie and see if your guesses were correct. 


0 Listen again and answer these questions. 


1 We can understand from Rosie that 
A she had been secretly in love with 


Clive. 
В Simon and Clive were strangers. 
С Clive had once gone out with Lucy. 


2 Nowadays 
A Rosie has a reasonably good 


relationship with Lucy. 
В Rosie is proud of the way she 


behaved. 
С Simon is still in love with her. 


3 Clive and Simon 
A hate each other. 
В have overcome their differences. 
С do not communicate. 


4 Rosie's father 
A forgave her before the wedding. 
В thought Simon had a good future. 
С was more understanding than her 


mother. 


5 Auntie Cathy 
A brought Rosie up. 
В can sympathise with Rosie. 
С had an easy childhood. 
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4 Look at the tapescript on p.225 and note down the words or expressions she uses 
which are to do with relationships, e.g. go out with. 







Changes 


VOCABULARY 


1 Read the two letters between Miranda and 
Katrina, two sisters, and answer the questions. 


1 What has happened in their lives? 
2 Who do you think is happier? 
3 How do you think they feel when they read the 


letters? 
4 Will there be any problems between them? 


2 Complete the two letters by deciding which word 
А, В, С or D best fits each space. Work in pairs and 
use a dictionary if you like. 


1 A named В christening С baptised D baptism 
2 A step-parents В godparents С parents-in-law 


D foster parents 
3 A bring up В rise С take care D look after 
4 A creep В crawl С stride D stroll 
5 A alive В vivid С lively D living 
6 A grow out of В grow up С get up to 


D get on with 
7 A likely В likeness С alike D like 
8 A after В up С in D on 
9 A along В out С through D down 


10 A turned В come С looked D run 
11 A passed В gave С looked D put 
12 A cemetery В interment С coffin D funeral 
13 A divorced В breakdown С split D parted 
14 A confessed В told С found D discovered 
15 A off В out С up D in 
16 A middle ages В middle-aged С middle age 


D pension 
17 A upbringing В overtaking С overlooking 


D undertaking 
18 A unkind В cruel С severe D strict 
19 A spoilt В rotten С stained D polluted 
20 A shade В way С shadow D light 
21 A over В down С out D off 
22 A childlike В childhood С childish D children's 
23 A lonely В solitary С single D bachelor 
24 A testament В inheritance С heritage D will 


SPEAKING 


Imagine that the people in the letters are all 
characters from a TV soap opera. In pairs or groups 
think of a plot for the first few episodes. Try to 
include as much of the vocabulary from the other 
exercises as you can. 







LOOKING BACK 


How easy is it for older children when younger brothers or sisters are born? 


1 Read the description by Maeve Binchy, the Irish writer, of her childhood and answer 
these questions. 


1 How does Maeve feel about her childhood? 
2 What was her relationship with her parents like? 


2 Read the text again and choose from sentences A-I the one which fits each gap (1-7). 
There is one extra sentence which you do not need to use. There is an example at the 
beginning (0). 


A We had a lot of books at home and I was very lucky to grow up in such a house of 
books. 


В I thought that I looked so gorgeous that I could hardly keep my eyes off myself. 
С Our house was always full of laughter. 
D That was a black time. 
E I think she tried to make up for this by ensuring that her own family would be a 


definite and very important entity. 
F I gave him a broad outline of her description. 
G She told me and I flatly refused to believe it. 
H The "me" was important because I loved receiving presents. 
I I got very used to walking as a child. 


3 Does Maeve's story remind you of any funny or embarrassing experiences you have had? 







Changes 


LANGUAGE STUDY 


Different forms of used to 


1 Look at these three sentences and decide what 
difference there is in meaning. 


1 When my father used to tell me to read the 
English classics, I resisted. 


2 I got used to walk ing as a child. 
3 She is used to s leeping late on Saturday 


mornings. 


2 Used to and its different meanings can be 
confusing. Study these sentences. 


1 When Arthur was younger, he played tennis every 
weekend. Two years ago he hurt his back, so he 
stopped playing tennis. Now he swims instead. 
-> He used to play tennis. 
used to + INFINITIVE (without to) 


2 Six months ago Janet left home to go to college. She 
missed her parents and felt very lonely. 
-> She was not used to living away from home. 
be used to + VERB + ing 


3 Slowly Janet made friends and started to enjoy 
herself. After a few months, she no longer missed 
her family quite so much. 
-> She got used to living away from home. 
get used to + VERB + ing 
(Here get used to means become accustomed.) 


0 Notice the pronunciation of used to. 


Practise saying these sentences. 
1 She used to smoke. 


/juists/ 
2 I didn't use to live in London. 
3 Did you use to play football? 


4 Answer the questions using one of these forms. 


• used to + infinitive (without to) 
• be used to + gerund 
• get used to + gerund 


1 Is Bangladesh still part of Pakistan? 
2 Do Chinese people find it difficult to eat with 


chopsticks? 
3 Do politicians mind always being criticised in the 


newspapers? 
4 Do your parents still wash you? 
5 Why should British and Japanese people be careful 


when they first drive abroad? 
6 Do contact lenses always stay uncomfortable? 
7 Do Eskimos complain about the cold? 
8 Do parents mind being woken up at night by their 


babies? 


" 
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USE OF ENGLISH 1 Read the story and think of 
a suitable title. 


2i Look at the gaps in the 
text. What kind of word do you 
think needs to be created to 
fill each gap, e.g. verb, noun, 
adverb, adjective? 


0 Now use the word written in capitals at the end of each line to form a word that fits in 
the space in the same line. 


When I was about four years old I went to the post office with my 
mother in order to buy some stamps. I was hot and (1) in COMFORT 
my pushchair so she let me wander about on my own. I noticed a 
small stocking hanging from a hook. It was there to collect money 
on behalf of a (2) organisation for the blind. My attention CHARITY 
was caught by the silver and copper coins which shone (3) MYSTERY 
in the light. I was under the impression I could just help myself! 
The stocking was slightly out of reach so, while my mother's back 
was turned, I lifted the stocking from its hook by means of a ruler 
I found on the counter. 


With some (4) I then emptied its contents into my coat DIFFICULT 
pocket. Of course, I was soon spotted. Everybody, with the 
(5) of my mother, thought this was funny. However, she EXCEPT 
could not join in the (6) - after all, her son was a thief! Nor LAUGH 
had she realised how (7) it was to let me out of sight for DANGER 
even a minute. She would have to keep a careful eye on me at all 
times. As I showed little (8) to hand over the the fruits of WILLING 
my criminal activity, she emptied everything from my pockets 
back into the stocking. This included, by the way, an additional 
(9) I had had a few pennies of my own to buy sweets. The CONTRIBUTE 
manager who was in charge of the branch was something of an 
amateur (10) and did a drawing of me robbing an old lady CARTOON 
which was displayed in the post office for the next couple of years. 
Eventually, my mother saw the funny side of things. 


VOCABULARY Prepositional phrases 


1 Look through the text above and find the prepositional phrases which have been 
underlined. Match each one with the correct meaning: 


incidentally 
believing something to be true 
using something to achieve an aim 
always 
responsible for 


independently 
to represent someone else 
for the purpose of 
not visible 
difficult to take 
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2 Complete the second sentences so that they have a 
similar meaning to the first sentences. You must use 
between two and five words including the word given. 
Do not change the word given. 


1 You must never take your helmet off while you 
are horse-riding. 
all 
Helmets must be worn while horse-riding. 


2 I am here as the council's representative. 
behalf 
I am here the council. 


3 The car door was opened with a coat hanger. 
m e a n s 
The thief opened the car door a coat hanger. 


4 For once, I would like you to do without any help. 
your 
Can you do this for a change? 


5 He wanted to say he was sorry; that 's why he 
bought some flowers. 
order 
He bought some flowers he was sorry. 


6 They waved until she disappeared over the hill. 
sight 
They waved until over the hill. 


7 One other thing before I forget - Jane was on TV. 
w a y 
Oh, , I saw Jane on TV. 


8 I'm sorry but I thought it was OK to park here. 
under 
I do apologise. I it was OK to park here. 


9 Her responsibility was for the whole project. 
charge 
She the whole project. 


10 The book was too high for me to get it from the 
top shelf. 
out 
The book was on the top shelf. 


О Look at the common prepositional phrases on 
page 76. Which ones are you familiar with? 


LISTENING 


1 Harriet Williams, an Englishwoman, was 
born in India and came to England in 1920 when she 
was ten. How do you think she felt about coming 
"home"? What do you think she found different? 


2 Now listen to her talking about the major changes 
that took place during her childhood. Decide whether 
the following statements are True or False. 


1 Her father had a terrible job. 
2 Her father built airports and docks. 
3 Their house in India had a large garden. 
4 Her mother had to work hard to run the house in 


India. 
5 She feels sorry that her brothers were sent away to 


school. 
6 Her father became ill in 1925. 
7 She had expected to see fewer white faces in 


England. 
8 Her house in England seemed very small. 
9 Her mother's cooking never improved. 


10 In England, her father was no longer an important 
person. 


11 Harriet believed ready-made clothes weren't good 
enough for her. 


12 She thinks that coming back to England made her 
a better person. 


О Make sentences about Harriet using the various 
forms of used to we studied on p75. 


LANGUAGE STUDY 


Causative have 


1 What is the difference between these two sentences? 


1 Harriet had her clothes made. 
2 Harriet made her own clothes. 


We use the have something done form when we 
want to say that instead of doing something ourselves 
someone else does it for us. We usually use the form to 
talk about some kind of service we receive. 
In sentence 1 someone made Harriet's clothes for her; 
in sentence 2 she made them herself. 


2 Change these sentences using the causat ive have. 
Begin them with the words in bold. 


1 A local firm re-decorated our kitchen. We 
2 It's time for me to have a haircut. It's t ime I 
3 A doctor took her tonsils out when she was six. She 
4 A tailor had altered his suit for the wedding. He 
5 A doctor is taking the woman's temperature. 


The woman 
6 A plumber is going to fix our central heating. We 


Can you think of other things we have done for us? 







Changes 


A SENSE OF PLACE 


FIRST THOUGHTS W h a t is t h e m o s t m e m o r a b l e b u i l d i n g you h a v e ever vis i ted, e.g. a cast le, a place of 


w o r s h i p ? Why w a s i t special? W h a t feelings a n d s e n s a t i o n s did i t cause? Was t h e t i m e of 


d a y i m p o r t a n t ? 


READING 1 You a r e going to r e a d t h e first p a g e s of t h e novel Rebecca by D a p h n e du M a u r i e r . Look 


a t t h e i l l u s t r a t i o n o f M a n d e r l e y a s i t a p p e a r s i n t h e n a r r a t o r ' s d r e a m . W h a t k i n d o f p lace 


is i t? 


2 N o w r e a d t h e p a s s a g e a n d a n s w e r t h e q u e s t i o n s w h i c h follow b y choosing t h e a n s w e r 


А, В, С or D . 


" 
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VOCABULARY 1 When the narrator arrived in her dream at the 
house called Manderley 
A she was unaffected by it. 
В the road was the same as before. 
С she got lost. 
D she was overcome by emotion. 


2 Where was Manderley situated? 
A By the side of a lake. 
В In a kind of hole. 
С At the bottom of a cliff. 
D Below a grassy lawn. 


3 What did the narrator feel once the moon was 
covered by cloud? 
A Someone was living in the house. 
В She would find objects she recognised. 
С The house was really empty. 
D The house still held lots of bad memories. 


4 She knew that when she awoke 
A she would remember the house as it had been 


before. 
В she would be in Manderley. 
С she would feel sad and lonely. 
D she would have a more positive outlook. 


5 The narrator was certain that 
A she would share her dream. 
В they would plan their return to Manderley. 
С the new day would not be spoilt. 
D the day would bring an untruth. 


6 How is life with her companion different now from 
the way it was before? 
A They are no longer afraid. 
В They have few secrets from each other. 
С Life is far more exciting. 
D Their lifestyle is more luxurious. 


7 How does the narrator feel she has changed? 
A She has discovered an acting ability. 
В She is more sure of herself. 
С She is more like Rebecca. 
D Mrs Danvers would find her less striking. 


3 Discuss these questions. 


1 What do you imagine had happened at Manderley? 
2 What were the secrets that had existed between 


the narrator and her husband (her companion)? 
3 How do you think the narrator has changed? 


Forming nouns 


1 In the text it says: "But dullness is better than 
fear." This is the same as "A dull and ordinary life is 
better than being afraid." Look at these common 
adjectives; what are their related nouns? 


angry poor bored tired happy kind 
hungry wealthy free thirsty hot cruel 
calm ambitious excited satisfied 


2 Make sentences like the first example, using the 
noun forms. 


WRITING 


1 Look at the answer below to the following 
examination question: Write a description of a 
book you have enjoyed, saying something about its 
plot and why you would recommend it. Would it make 
you want to read the book? 


2 Now complete the description by using just one 
word for each of the gaps. 


One of my favourite books is Rebecca by Daphne du 
Maurier. It is a (1) of a love story and a 
murder mystery. It is set in England in the 1930s and 
most of the action (2) place in a beautiful 
house called Manderley, (3) is central to the 
story. The main characters are Max de Winter and 
(4) narrator who becomes his second wife. 
(5) , it is Rebecca, de Winter's first wife, who 
dominates the tale. It revolves (6) the mystery 
of her death which is gradually revealed by the 
events of the book. 
I would recommend Rebecca for (7) reasons. 
First of (8) , it is like a cunning jigsaw puzzle. 
Secondly, it is populated by extraordinary characters, 
not (9) the evil Mrs Danvers (10) 
hatred of and cruelty (11) Max's new bride 
are quite chilling. The descriptions of the house and 
countryside are marvellously atmospheric. Above all, 
I appreciate (12) she develops the character of 
the narrator, who from a timid girl (13) a 
confident young woman, able to (14) her 
freedom (15) the terrible events of the past. 


3 Using the description of Rebecca as a guide, write 
your own answer to the question in 1. 
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A CHANGE OF JOB 


FIRST THOUGHTS Look at the photographs. Which jobs are shown? Which ones do you like? Which could 
you never do? 


VOCABULARY 


Ф 
Work 


Sort the words and expressions below into these categories: Getting a job, Doing a job, 
Personal qualities, Leaving/Not having a job. 


retirement reference interview to do overtime to be sacked to be unemployed 
training skills conscientious to dismiss to fill in a form pension reliable 
to be cut out for something enthusiastic having the right qualifications 
to do/work a shift previous experience to be made redundant to go on strike 


WRITING 1 Look at this advertisement which 
appeared in Sea World magazine. What 
kind of people do you think would apply? 


2 Opposite there are two letters replying 
to the advertisement. They have been 
jumbled up. One letter is informal because 
it is written to a relative; the second letter 
is a typically formal application. 
Reconstruct the letters by studying the 
opening and closing sentences for each 
and putting sentences a-r in order. 


TIME FOR A CHANGE? 


Chefs Afloat is looking for all levels of kitchen 
staff to work on luxury liners for this winter s 
winter cruises season. Recognised training and 
experience essential. Send a covering letter 


and C.V. to: 
Mr Michael Edwards, Chefs Afloat.. 


О Make a list of the formal words and expressions from Anton Steel's letter. Then find 
as many informal equivalents in Jo's letter as you can. Example: 


formal informal 
h My employer will supply you with a e He says he'll write a reference for me 


reference should you require one. if you like. 
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a For the past two years I have been the head chef on a luxury yacht for a 
prominent businessman. 


b I'd even be able to start almost straight away. 
с I shall be returning to Melbourne and will be available for interview at your 


convenience. 
d I am a 28-year-old fully-qualified chef with seven years' experience. 
e He says he'll write a reference for me if you like. 
f You'll probably remember that I finished at hotel school about three years ago when I 


was 18. 
g If everything is satisfactory, I would be able to commence almost immediately. 
h My employer will supply you with a reference, should you require one. 
і One last thing, can you tell Mum what the pay and working conditions are like? 
j At the moment I'm finishing off a one-year contract on a liner. 
к I began my career on the Anastasia liner where I worked for four years. 
1 Consequently, I shall be seeking a similar position. 
m As soon as it finishes I'll be free and looking for work. 
n I am going back to Melbourne and could have a chat with you then, if that's OK. 
о I learned how to be a pastry chef there but I've done all sorts of cooking since then. 
p My current contract comes to an end next month. 
q I trained at the Blue Ribbon Institute where I specialised in French nouvelle cuisine. 
r Anyway, I've had a great time on this job and my boss has taught me a lot. 


4 Compulsory letter Read the advertisements from Student Job Finder magazine. 
Choose one of the jobs and write a letter of application in 120 - 180 words in an 
appropriate style. 


Remember to ask about 
• interviews - when/where? salary and conditions. • length of commitment (for temporary jobs) 


ОAPPLE PICKERS 
Pick apples on an 


English apple farm. 
Good head for heights 
necessary. Free 
farmhouse accom
modation. Write to: 
Mrs A. Cox, ref. 690. 


CHAMBERMAIDS AND 
PORTERS needed for five 
star central London hotel. 
Smart appearance 
essential. Must be 
prepared to work shifts. 
Full board and lodging and 
uniform provided. Write to 
The Manager, ref. 691. 


Hi there! Know about 
music and all the 
latest sounds? Then 
we may need you as 
a shop assistant at 
Murph's Records, 
London. Write to 
Jackie, ref. 692. 


AU PAIRS (both sexes) 
for English families. 
Free board and lodging 
and pocket money in 
exchange for baby
sitting and light 
housework. Write to 
Mrs Clancy, ref. 693. 
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COSTING THE EARTH 


FIRST THOUGHTS Discuss the pictures with a partner. 


1 When and where were they taken? 
2 What is your reaction to them? 
3 Do they remind you of anything in your country or region? 


VOCABULARY Complete the sentences using one of the words from the box. 


ecology fallout pollution waste acid extinct 
contaminated dumped environment reactor 


1 The world in which we live is our 
2 Smoke, dirt and noise are all types of 
3 If man continues to hunt whales, they will shortly become 
4 Every day rubbish and chemicals are taken out to sea and It's disgusting and 


should be stopped. 
5 In many parts of the world trees and lakes are being destroyed by rain. 
6 At Chernobyl, there was an accident at a nuclear When it exploded, large 


areas of the surrounding countryside were and there was all over 
Europe. 


7 is the science that studies the relationship between different life forms in 
nature. 


8 When uranium is used up, it has to be kept in a safe place. It is extremely difficult to 
dispose of nuclear 
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READING 


1 Read the text and decide what its aim is. 


2 Choose the best answers (А, В, С or D) to these 
questions. 


1 Which of the following statements is not true? 
A Drinking water is polluted. 
В Radioactive waste pollutes the sea. 
С Sewage isn't processed. 
D Cars and factories pollute the air. 


2 The writer..... forests and lakes are being destroyed. 
A is surprised that 
B is unsure why 
C wonders why 
D understands why 


3 Rain forests are being destroyed because 
governments and industries 
A are unaware of what they're doing wrong. 
B are rich and powerful. 
C choose to ignore criticism. 
D basically care about the environment. 


4 The earth's resources 
A should be left for people. 
B can be made to last longer. 
C will last forever. 
D belong to just humans and animals. 


5 How does Greenpeace feel about the future? 
A Desperate. 
B Resigned. 
C Cautiously optimistic. 
D Deeply pessimistic. 


6 Governments and industries 
A don't know what Greenpeace thinks. 
B are forced by Greenpeace to understand the 


problems. 
C can easily ignore Greenpeace. 
D misunderstand what Greenpeace thinks. 


7 How does Greenpeace think that people can help? 
A By becoming members. 
B By speaking out. 
C By painting a green line. 
D By making waves. 


LISTENING 


1 Listen to part of a second advertisement for 
Greenpeace and complete the notes. 


The earth is (1) million years old. It is easier 
to understand this if we imagine the earth as a 
(2) person. Of the first seven years we know 
(3) Dinosaurs appeared just (4) when 
the planet was (5) Last week, man-like apes 
evolved into (6) Modern man has been 
around for just (7) In the last hour 
(8) was discovered and the (9) began a 
minute ago. In the last minute Paradise has been 
turned into a (10) 


2 How effective do you think the advertisement is? 
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VOCABULARY Word building 


1 Now you can strengthen the thin 
green line. 


Strengthen is a verb which is formed 
from the adjective s t r o n g . Work in pairs 
and complete this table. 


2 Complete each sentence using one of 
the words from the table. Make any 
changes that are necessary. 


1 They wanted to the bottom of the harbour to allow oil tankers in. 
2 These country roads are dangerously narrow. They need 
3 Greenpeace has our understanding of the environment. 
4 Industry is laughing at the of the new regulations. 
5 Only people over a certain can join the army. 


LANGUAGE STUDY The definite article 


1. The natural world is under assault from man. 


The can be used for many different reasons. Match each reason with an example 
sentence or phrase. 


1 There was a man outside. The man was 
tall. 


2 The moon and the earth both go around 
the sun. 


3 I can't find the pen I bought yesterday. 
4 Where's the cat? (the cat that lives in 


this house) 
5 Paul is in the garden. 
6 She plays the piano well. 
7 It was the best film I have ever seen. 
8 the rich, the poor, the unemployed 
9 the United States of America, the 


Irish President 


D 


E 


A with superlatives 
В when only one exists 
С when the object or person is mentioned 


for a second time 
when we make something definite by 
adding extra information 
with musical instruments 


F with adjectives to describe a class or 
group 


G when location means only one thing is 
being referred to 


H with titles and place names that have 
the idea of 


I when the object is known by everybody 


2 When do we not use the article? Match the examples with their descriptions. 


1 love, hate, beauty 
2 Cats are beautiful. 
3 petrol, sugar, milk, wood 
4 home, work, hospital 
5 New York, Brazil 


A most names of towns, cities and countries 
В uncountable nouns 
С countable objects in general 
D abstract nouns 
E some places/locations 


84 







The Natural World 


3 Complete the following sentences with either a, 
the or nothing. 


1 life is getting easier for rich. 
2 accidents are generally caused by people 


driving too fast. This is certainly true of 
accident I had last year. 


3 Caroline plays violin really well. 
4 park has many examples of wildlife 


especially birds and deer. 
5 pollution is destroying environment. 
6 She is going to visit India and 


USA. 
7 We have nothing to fear but fear itself. 
8 price of petrol is going up. 


petrol I bought yesterday was 
cheapest in area. 


9 wood is much dearer than it used to be. In 
fact, wood I used to make shelves in 
the living room was £6 metre. 


10 She's fascinating woman. Did you know 
she's leader of opposition party? 


4 Correct these sentences if necessary, by adding a 
or the or deleting. 


1 The most people in United States have two cars. 
2 Mary works in a university. 
3 Did you have the nice time at a school today, 


Amanda? 
4 The Rolling Stones are the most wonderful group 


I've ever heard. 
5 What do you think of book I lent you? 
6 She is going to be doctor. 
7 They have two holiday homes, one in mountains 


and one at seaside. 
8 All people who live in this town work at car 


factory. 
9 Where's Mary? She is in sitting room talking on 


phone. 
10 She's wearing jeans. In fact they're jeans she 


wore last week. 


PRONUNCIATION 


Saying the th sound and the 


1 Ways of pronounc ing th 


1 Th has two pronunciations in English: /0/ as 
in th in and /5/ as in the. Many students have 
problems with these two sounds. 


Go back to the first Greenpeace advertisement and 
find out which th words have the /6/ sound and 
which have the /6/ sound. 


2 Listen to someone reading part of the 
Greenpeace text aloud and mark where he makes 
mistakes with the pronunciation of th. 


Despite the fact, too, that we can create 
environmentally-clean industries, harness the 
power of the sun, wind and waves for our energy 
needs and manage the finite resources of the earth 
in a way that will safeguard our future and protect 
all the rich variety of life forms which share this 
planet with us. 


2 Ways of saying the 


The words that follow the can change its 
pronunciation. 


If the is followed by a consonant, it is pronounced /бэ/, 
e.g. the sun. 
If the is followed by a vowel, then its pronunciation 
becomes /6i:/ and we often use the linking sound /j /, 
e.g. the earth. 


Practise saying these examples from the text and 
group them according to how we say the. Where 
necessary, use the linking sound /j /. 


A the seas С the rain E the environment 
В the air D the power F the admiration 


LISTENING 


1 Some people say that the climate of the 
earth is changing because of man's activity and 
pollution. How true is this of where you live? 


2i You are now going to hear an interview between 
Peter Whitehead, the presenter of a current affairs 
programme, and Frances Kelly, the leader of the 
Campaign for Clean Air. While you listen, decide if 
the following statements are True or False. 


1 The government is acting too slowly for Frances. 
2 Sulphur dioxide is produced by power stations. 
3 Britain is one of the worst polluters. 
4 Carbon monoxide causes heart problems in adults. 
5 In the short term, carbon dioxide isn't dangerous. 
6 There is little evidence to show these gases have a 


bad effect on the development of children. 
7 The greenhouse effect will cause droughts. 
8 Frances believes that the government has a limited 


responsibility. 


3 Listen again and make full notes about the effects 
of the three gases sulphur dioxide, carbon monoxide 
and carbon dioxide. 
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BIG ISSUES 


FIRST THOUGHTS Look at this list of'big issues' (important topics). If you had the power to do something 
about just one of them, which one would you choose? 
• world hunger • nuclear energy and weapons 
• homelessness • the gap between rich and poor countries 
• pollution • unemployment 


SPEAKING How do you think the people in the cars in the photographs feel? 


VOCABULARY Which words in the box are verbs, parts of a car, or words to do with the road. 


lane roundabout crash junction brake bonnet bend swerve overtake gear 
reverse indicate windscreen clutch skid services steering wheel 


LISTENING 1 You are going to hear five different people describe experiences which are all to do 
with cars and travelling by road. Choose from the list A-F the best description of what 
each one says. There is one extra letter which you do not need to use. 


READING 1 You are going to read an article about the impact the motor car has had on everyday 
life. Choose from the sentences A-I the one which fits each gap (1-7). There is one extra 
sentence which you do not need to use. There is an example at the beginning (0). 


A It is a problem that can be solved given the right levels of commitment. 
B Immediate steps are needed to check the emissions from car engines. 
C The number of vehicles on our roads is set to double over the next thirty years 
D There are other victims too. 
E The average speed of traffic in central London is the same as in the era of the horse 


and cart of 80 years ago. 
F We do not need cars to show what we are worth. 
G This would make people think twice before getting into their cars. 
H Indeed, most teenagers now expect to have their own car once they hit the age of 18. 
I Lead in petrol has been shown to cause brain damage in young children. 


Speaker 1 
Speaker 2 
Speaker 3 
Speaker 4 
Speaker 5 


A driving in bad road conditions 
B an accident the speaker witnessed 
C a holiday ruined by traffic 
D an accident the speaker may have caused 
E the advantages of a new car 
F helping someone who has got lost 
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2 Understanding the organisat ion of the text 


1 What does the first line of each paragraph do? 
2 What words or expressions does the writer use to 


a give his/her own opinions? 
b list his/her reasons and put them in order? 


3 The writer uses questions in the text. Find them and decide why they are used. 







_ 
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LANGUAGE STUDY 


The passive 


...the problem can be dealt with on three levels... 


1 Change these sentences from the active to the 
passive beginning with the words in bold. 


1 Farmers spray the trees each week. 
2 That factory is producing more and more 


pollution. 
3 Someone saw the company dumping rubbish. 
4 Demonstrators have broken into the oil refinery. 
5 The owners had hidden all the ev idence by the 


time the police arrived. 
6 A scientist was re-designing the reactor. 
7 We need to find a solution. 
8 The prime minister is going to open the enquiry. 
9 We shall notify the pol ice about this matter. 


10 Someone should have written to the papers. 


Ji The passive is formed by a form of the verb to be 
plus the past participle. How is the passive formed 
with: 


1 the present simple and past simple tenses? 
2 the present and past continuous tenses? 
3 the go ing to future and the infinitive? 
4 the present and past perfect? 
5 modals like shall? 
6 modals in the past like might have? 


USE OF ENGLISH 


Complete the second sentences so that they 
have a similar meaning to the first sentences. You 
must use between two and five words including the 
word given. Do not change the word given. 


1 We need to find an imaginative solution. 
n e e d 
What we an imaginative solution. 


2 They didn't let her watch TV. 
al lowed 
She TV. 


3 They have made the castle a tourist attraction. 
turned 
The castle a tourist attraction. 


4 It hasn't rained for two years. 
t ime 
The two years ago. 


5 She wouldn't let me pay the bill. 
paying 
She the bill. 


6 Asthma cases have gone up. 
increase 
There has asthma cases. 


7 Someone must find the answer. 
must 
The by someone. 


8 Do you know the story of Frankenstein? 
familiar 
Are the story of Frankenstein? 


9 She didn't find his behaviour at all surprising. 
hardly 
She his behaviour. 


10 The air is clean since they fitted filters. 
used 
The air they fitted filters. 


WRITING 


The opinion question 


1 The article The Curse of the Motor Car, gives the 
writer's opinion on the subject. In Paper 2 (Writing) 
there is often a question which asks you to do this. 
Success depends on four things: 
1 having sufficient topic vocabulary 
2 having sufficient ideas and opinions 
3 having the structures and expressions to use in 


this type of essay 
4 good essay planning and organisation 


You are going to write this essay: "In a world of 
plenty, people are still dying of hunger. What can be 
done to solve this problem?" First of all we shall look 
at topic vocabulary. 


2 Vocabulary 


Join these split sentences. 
1 They haven't got enough to eat because 
2 The size of a population can be controlled 
3 It didn't rain for two years and 
4 All the animals 
5 Wheat and rice are 
6 Another word for help 
7 There is a terrible famine 
8 If you get a loan from the bank 
9 The desert has become green 


A is aid. 
В two kinds of crop. 
С died of thirst. 
D through contraception. 
E and people are dying of starvation. 
F you are in debt and you have to pay interest. 
G the harvest failed. 
H since irrigation was introduced. 
I there was an awful drought. 
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3 This text should give you some ideas for the essay you are going to write on hunger. 
When you have read it, match the pictures to the paragraphs. 


Debt has been crippling the Third World over the last five 
years. Countries can be forced to sacrifice as much as half 
their export earnings as repayments on debts to Western 
banks. And, before the West offers new loans, it insists on 
drastic cuts in welfare spending which hit the deprived 
hardest. Debt repayments should never amount to more 
than ten per cent of a country's export earnings. 


Hunger only affects the poor - there are no hungry 
countries, just bigger or smaller numbers of hungry people 
within countries. The government's commitment to social 
justice isn't the icing on the cake - it is the cake itself. The 
only way to end hunger is to reduce poverty and inequality, 
and make feeding people a priority. 


3 Much of the world's cultivable land is owned by people 
with large farms - particularly in the Americas. Left to itself, 
this situation will worsen, not get better, since it is the large 
farmers who can borrow and afford mechanisation and 
fertiliser. Land reform is not only essential for reasons of 
justice - it also increases food production, since 
smallholders farm much more efficiently than the big 
landowners. But sharing out the land will not work if 
inequality persists elsewhere in society. 


4 The world is now a supermarket for the rich world's 
consumers - and the managers of that supermarket are the 
multinational agribusiness corporations. These companies 
control production prices, often holding small farmers 
under contract for their export crops. This way they can buy 
harvests at controlled prices while leaving the risks of bad 
weather and plant disease on the shoulders of the 
individual farmer. 


5 Developing countries are still locked into a farming system 
created for the benefit of the rich world. Their best land 
and resources are used to grow cash crops for export rather 
than food. The trend away from crops for local 
consumption must be halted and farmers paid more for 
their harvests. 


4 In pairs, plan your composition. When your teacher has checked your plan, write the 
composition. Use the expressions in the article about cars on page 87 to help you. 


89 
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FREE TO CHOOSE 


FIRST THOUGHTS 


What would happen if cars and lorries were 
banned from city centres? 


3 Listen again and make notes in answer to these 
questions. 


1 Why is Bernice worried about the proposed bypass? 
2 Why does Charles think the bypass is essential? 
3 Why does Charles think Marsham could be 


attractive to tourists? 
4 Why doesn't Bernice want Marsham to be a tourist 


centre? 


LISTENING 


1 Read the situation and decide what you 
think should be done. 


Marsham is a small town near London. In recent 
years its streets have become very congested. A 
traffic-free town centre could be achieved by building 
a bypass around the village. A number of people 
support the plan. Others are worried about the effect 
such changes would have. 


2Three councillors - Eric, Charles and Bernice -
are discussing the proposals. Listen to their 
discussion and answer the questions by writing 


E (for Eric) С (for Charles) or В (for Bernice). 


1 Who is most worried about the effects of a 
bypass? Q 


2 Who is most concerned about improving 
conditions in the village? 


3 Who talks about what would happen to small 
shops? Q 


4 Who has a vision of how a new village centre 
could look? 


5 Who becomes very enthusiastic about change? 
6 Who is angry at the suggestions? 
7 Who says something needs to be done for the 


safety of pedestrians? 


SPEAKING 


Managing conversations 


1 sten to the discussion again and tick (•) 
which expressions the speakers use for the following. 


2 Can you think of any other expressions that you 
could add? 


3 Work with a partner and respond to these 
statements. Begin your response using one of the 
expressions we have just looked at. 


1 Smoking should be banned in all public places. 
2 Men are much better drivers than women. 
3 Nuclear energy will kill us all in the end. 
4 You can never trust a man with a beard. 
5 People are old at 40. 
6 Everyone should live together before they get 


married. 
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READING Smokers' rights 


1 Read the article and answer these questions. 


1 Who is the school for and what is the row about? 
2 What is the history of smoking at the school? 
3 Who banned it and why? 
4 How do the centre's users feel about this? 
5 What do you think should be done? 


ROW OVER CIGGIES BAN 


A row has erupted after smoking was 
banned at a London language school. 
A room which used to be for smokers 
was turned into a non-smoking area. It 
was new school director Janine Murray 
who took the decision. What Janine 
insists is that the ban was introduced 
to protect staff and students from the 
effects of passive smoking. Murray 
maintained: "What smokers should 
realise is that if they want to commit 
suicide it's one thing; killing other 


people with their selfish habit is 
another. Most of our students are in 
their teens and early twenties - we 
shouldn't be enouraging them to 
wreck their lungs." 


No smoke without fire 


Colombian Mariana Gomes, a First 
Certificate student who is leading the 
fight to have the ban lifted, disagrees. 
She is planning a demonstration. Dark-
haired Mariana vowed to fight the 
ban. "It's Mrs Murray who has caused 
all the trouble. The old director was 


much more easygoing. Studying for an 
exam is stressful work. Cigarettes can 
calm our nerves. All we want is one 
tiny room." 


Smoke came out of my ears 


Teacher Bernie Green supports 
Mariana: "Even non-smokers on the 
staff are furious. What makes me 
angry is that people are kept here most 
of the day studying, so it's 
unreasonable to tell them they can't 
smoke. They are not kids." 


JL Understanding the organisat ion of the text 


What is the purpose of 
a the headline? 
b the opening sentence? 
с the first sentence of each paragraph? 


d each paragraph? 
e the secondary headlines between the 


paragraphs? 


SPEAKING Work in groups of three and take 
one of these roles from the article 
you read: Janine Murray, Mariana 
Gomes or Bernie Green. 


Look at the diagram which shows 
the floor where the smokers' room 
used to be. Try and find a solution 
which will satisfy everybody. Use as 
many ways of giving opinions and 
agreeing and disagreeing as you can. 


WRITING A newspaper article 


You were at the meeting where the future of Marsham was discussed. Using the article 
about the smoking ban as a rough guide, write a report of the meeting. 
Before you begin: 
• Invent ages and occupations for Bernice, Charles and Eric. Think carefully how you 


will describe them. 
• Decide on the angle you are going to take on the story, i.e. are you going to favour 


Bernice or Charles? 
• Think what headlines and sub-headings you could use to break the story up into 


interesting paragraphs. 
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WHERE ON EARTH? 


FIRST THOUGHTS 


1 If you could visit anywhere in the world, 
where would it be? 


2 What is the most remote or isolated place you have 
ever been to? 


USE OF ENGLISH 


1 You are going to read an article about the 
Galapagos Islands. Before you read, find out if 
anyone knows who Charles Darwin was and why he 
was important. 


2 Now read Parts One and Two of the article, in 
exercises 3 and 4, and answer these questions. 


1 Where are the islands and how were they formed? 
2 Why were they left alone for such a long time? 
3 What was the islands' first contact with man? 
4 Why were the tortoises Darwin saw so special? 
5 What problems did visitors to the islands indirectly 


cause? How were they solved? 
6 What new dangers face the islands? 


3 Read Part One again and decide which word A, B, 
C or D best fits each space. There is an example at 
the beginning (0). 


Part One 
One of the most (0) remote places on earth surely 
(1) to be the Galapagos Islands, which 
(2) in the Pacific Ocean 1100 kilometres 
(3) the west of Ecuador. These (4) 
islands made largely from volcanic rock were 
(5) to go their own way for millions of years 
without (6) interference. Most notably, the 
islands are (7) to the giant tortoise and 
iguanas. There are also turtles weighing up to 230 
kilos and (8) a cormorant which cannot fly! 


The islands were not (9) until a few hundred 
years ago when pirates came (10) them and 
buried their treasure there. Unpopular crew 
members were often (11)" " there too! Later, 
in 1835, Charles Darwin visited the islands in 
(12) to study the wildlife and used his 
observations as the basis for his (13) of 
natural selection and evolution. He noticed, for 
(14) , that many of the islands had their own 
(15) of tortoise which had evolved according 
to each environment in isolation over millions of 
years. 


0 A far B remote C alone D solitary 
1 A should B ought C has D is 
2 A lay B combine C lie D impose 
3 A by B in C at D to 
4 A anti-social B inhospitable C unkind 


D awkward 
5 A made B allowed C let D engaged 
6 A human B humane C humanity 


D mankind 
7 A dwelling B house C residence D home 
8 A yet B while C just D even 
9 A disturbed B molested C annoyed 


D teased 
10 A into B across C up D by 
11 A removed E vanished C disappeared 


D mislaid 
12 A time B case C order D purpose 
13 A thoughts B wonders C theories 


D guesses 
14 A once B instants C example D chance 
15 A style B brand C mark D species 
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4 Complete the rest of the passage about the 
Galapagos Islands by using one word only for each 
space. 


Part Two 
In Darwin's time there were very (1) natural 
predators and a balance (2) the different 
species existed. Wild birds showed so (3) fear 
tha t the first men could walk up to them and touch 
them (4) them flying off. The biggest danger 
(5) upon a time was the occasional fire which 
helped to (6) the tortoise population down. 
However, the early visitors (7) some 
unwelcome guests: they introduced rats, cats, pigs 
and dogs, (8) grew in number and preyed 
upon the iguanas and ate the tortoises' eggs. 
(9) creatures, part of an evolutionary process 
of millions of years, were in danger of (10) 
lost in hundreds. Fortunately, radical steps were 
(11) to hunt and destroy as many of these 
invaders as (12) , although the wild cats and 
rats have proved difficult to find. (13) recent 
years, a new threat has appeared in the form of 
tourism. (14) the government of Ecuador's 
best efforts, the tide of tourists, (15) appears 
irresistible, may again upset the fine balance of 
nature of the unpopulated islands. 


О Can you think of any places of natural beauty or 
interest in your country which have been spoilt or 
destroyed by tourism? What steps could be taken to 
preserve them or to repair the damage? 


О Read this letter and tick the lines which are 
correct. Where a line has an extra word which should 
not be there, write it down. 


Dear Angela, 
0 It was great to hear from you after such a long / 


00 time. We had wondered what on the earth 
1 had happened to you; although I was astonished to 
2 get your letter. Your research it sounds very 
3 interesting - I can't imagine about being stuck 
4 on a small island with just birds for company. 
5 How long time did you spend there altogether ? It 
6 sounds lonely. How did you arrive there in the 
7 first place? Whatever made you to go? 
8 The most people wouldn't be able to stand it but I 
9 think it is a very marvellous thing to do. 


10 You don't say what was interested you the most. 
11 If I were there I would do a research into the 
12 giant tortoise! The man certainly has had a 
13 devastating impact on it. I would ban tourists 
14 for 50 years. Charles Darwin was the responsible 
15 for making them too much famous! 


WRITING 


Compulsory letter 


Angela Maybury has just returned home from the 


Galapagos Islands. You have written to her to ask if 


she would be willing to come to your school to talk at 


a meeting of the Natural History Club. Read Angela's 


reply carefully and the set of notes which you have 


made for yourself; then write a letter to her, 


organising the pre-talk appointment and answering 


her questions. 


Write between 120 - 180 words in an appropriate 


style. Do not include addresses. 


Thank you very much for your kind letter. 


I would be delighted to come along and 


talk to your club; I didn't realise there 


were so many young naturalists in my home 


town! 


I will be returning to South America in 


about six weeks but I would be free to 


come along one evening. Early evening 


around five o'clock would be best for me. 


If you can give me a few dates to choose 


from, I'll see what I can do. 


It would be very helpful, as I haven't 


done this kind of thing before, if you 


could tell me what you would like to know 


and the knowledge I can expect of the 


people who come to the talk. It might be 


an idea if we had a quick chat in person 


before I gave the talk. Any ideas? 


I have lots of slides and video film which 


I could bring with me. Do you know if the 


school has a slide projector and/or video 


and screen which I could perhaps use? 


Yours sincerely, 


Angela Maybury 


Notes 


• Children 12-17 little I no knowledge of islands. 
• What made her go? 
• What help did she receive? 
• Were there other colleagues? 
• Where were they from? 
• Meet at my parents' house next Monday? 
• Video - yes; school slide projector is broken. 
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JUMPING TO CONCLUSIONS 


FIRST THOUGHTS You have been invited to a party where you don't know anyone at all. Which people 
would you want to meet, and which ones would you wish to avoid talking to at all costs? 


READING 1 Think of three things that you would like to find out about the art of face analysis. 
Then read the article to see if your questions are answered. 


Secrets of the face 
Is it really possible to judge someone's character 
from their face? The Chinese seem to think so. 
For over 2,000 years they have been practising 


Siang Mien, which is the art of judging 
character and predicting fortune from an 


analysis of the face. It developed in the ancient 
imperial court of China and consisted of 


jealously guarded secrets that were passed from 
masters to a few chosen apprentices. The secrets 


of face analysis were hidden away in special 
books which only a few could look at. 


These secrets cannot have been that well guarded and 
must have got out because practically all Chinese 
practise some form of face analysis. Mothers tell their 
daughters that men with flat noses and small ear 
lobes will make shy and rather dull husbands. 


So how does this analysis work? Well, to start with, 
people's faces can be classified according to one of ten 
basic shapes, each of which has its own special name. 
A triangular face, for example, is called a fire-face. One 
which is square is known as a wall-face, while one 
which is diamond shaped is a jade-face. There are even 
bucket-facesl 


Once the basic shape has been decided, then parts 
of the face such as the eyes, nose, chin and mouth 


can be analysed in 
their turn. People who 
have not got 
conventional or 
beautiful faces should 
not worry, as ugly 
people tend to be 
lucky. 


Anyway, let us see 
how Siang Mien works 
by using Princess Diana 
as a practical example. 
To begin with, we can 
say that she has got a 
jade-face which means 
that she must be 
strong-willed. This 


shape also belongs to people who are said to have had 
difficult childhoods. As you may know, the Princess's 
parents were divorced when she was a child and this 
time must have been a period of great unhappiness. 


Turning to more specific features, we can see that 
one eye is a little larger than the other. It is a known 
fact that people with eyes of different sizes are often 
brought up by step-parents. They are also believed to 
be charming as well of being capable of great jealousy. 
We can see from this photograph that the top of her 
ears goes above the line of her eyebrows. People who 
have high ears such as hers are likely to become 
famous before the age of 30, while those who 
combine this with eyes of different sizes will be lucky. 
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2 Now read the article again and choose the best 
answers to these questions. 


1 In China, who knew the secrets of Siang Mien? 
A Those who could read. 
В Experts and their students. 
С Ordinary people. 
D The emperor and selected courtiers. 


2 Why has Siang Mien become common knowledge? 
A Because everyone practises it. 
В At some point, its secrets were given away. 
С The secrets remained well-guarded. 
D More people had access to the special books. 


3 Chinese mothers think men with 
A big ears are exciting. 
В small ear lobes are kind. 
С flat noses are not interesting. 
D small ears and flat noses can't be trusted. 


4 A jade-face is best described as 
A flat at the bottom and pointed at the top. 
В pointed at the top and bottom. 
С pointed at the bottom but flat at the top. 
D oval. 


5 Why doesn't it matter if you're not good looking? 
A Because you'll worry less. 
В You may have some attractive features. 
С Fortune may smile on you. 
D People are attracted to interesting faces. 


6 People with eyes of different sizes 
A often have step-parents. 
В are usually unhappy. 
С are often divorced. 
D are supposed to be generous. 


7 Princess Diana 
A proves the t ru th of Siang Mien. 
В has low ears. 
С was over 30 when she became famous. 
D has an ordinary face. 


3 t end to 


According to the text, ugly people tend to be lucky. 
Tend to means generally but not always, e.g. People 
from Scandinavian countries tend to have fair hair. 
Now make some general statements about the people 
from your own country. 


4 Discuss ion points 


1 How far do you believe in this science? 
2 Do you consider it to be convincing, ridiculous or 


amusing? 
3 Could Siang Mien be dangerous in any way? 


LANGUAGE STUDY 


Making intelligent guesses 


1 In the article it says Princess Diana has got a jade-
face which means she must be strong-willed. 
Must is being used to make a deduction. 


Match the example sentences of guesses with their 
definitions. 


1 The killer can't be far away - the body is still warm. 
2 She must be hiding somewhere in the area. 
3 He must have been murdered at ten o'clock. 
4 She can't have killed him. She was with her mother. 


A A guess about a situation in the present (positive) 
В A guess about a situation in the past (negative) 
С A guess about a situation in the past (positive) 
D A guess about a situation in the present (negative) 


2 Make deductions about the situations in the 
pictures. If you are not sure use might (not) rather 
than must or can't. 


A further passive construction 


They are also believed to be charming. 
She is said to have had a difficult childhood. 


Change these sentences using this passive 
construction. 


1 People c laim the Mona Lisa is the world's most 
famous painting. 


2 Experts bel ieve it was a portrait of a noblewoman. 
3 They say her smile hides a secret. 
4 Many bel ieve it is Leonardo's masterpiece. 
5 Scientists k n o w he was a wonderful engineer too. 
6 Historians think he was unhappy in old age. 
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VOCABULARY 


Adjectives of personality 


1 Look at the adjectives of personality in the box. 
How many syllables does each word have? Mark the 
stress in the words of more than one syllable. 


Example: selfish 


selfish bad-tempered tough crafty sensitive 
sensible strict trustworthy dull shy mean 
reliable stubborn silly nice cheerful 
sympathetic clumsy loyal gentle 


2i Fill the gaps with an adjective from the box. Use 
each word once only. 


1 Janet is incredibly She always arrives on 
time and does her job well. 


2 It's impossible to say anything to his grandmother. 
One word and she starts crying. She is so 


3 I wonder why he is so ? He's got lots of 
money but he hates spending it. 


4 When she was a child, her parents were incredibly 
Whenever she did the smallest thing 


wrong they would send her to bed. 
5 Ann is such a girl. She is always laughing 


and smiling. 
6 You can't go on a country walk wearing high heels. 


Do be for once. 


7 I'll give you a lift home if you're to me. 
8 She was so When I told her my problems, 


I immediately felt better. 
9 In westerns the hero is always He always 


beats his enemies and can put up with any 
hardship. 


10 That's the second plate you've broken this week. 
Why do you have to be so ? 


11 I think he is an extremely boy. He laughs 
at stupid things and never concentrates in class. 


12 Children are often really They hide 
behind their mothers when guests come. 


13 Don't be , Cathy. You've got to learn to 
share things with other children. 


14 She is 100% . I'd leave my money, car, 
anything, for her to look after. 


15 When I broke my leg, the nurse was so 
that she hardly hurt me at all. 


16 Why do you get angry all the time? You are so 


17 Bob is my best friend. He remained 
through all my problems. 


18 He is such a person with his boring little 
job and his boring little wife. 


19 He is terribly Once he has made up his 
mind, it is impossible to get him to change it even 
if it's obvious that he's wrong. 


20 The general was really Just when the 
enemy thought they had won the battle, he played 
his best card. 


О In pairs, use the pictures and descriptions below to 
work out your partner's character. Then tell each other. 







LISTENING 


1 Read the "lonely hearts" advert and check 
that you understand them. 


2 Clive and Jenny both work in the same office. Last 
Friday, just for fun, they decided to reply to an 
advertisement in the "lonely hearts" column of a 
magazine. It is Monday morning and they are 
comparing notes about their weekend dates. Listen to 
Clive and Jenny and answer these questions. For 
questions 1 to 4 choose your answer from choices 1-8 
or A-G. For the other questions choose from A, B or 
C 


6 How did Jenny feel about her date's conversation? 
A She was fascinated by what he had to say. 
B She wished he would change the topic. 
C She disagreed with what he had to say. 


7 What did Clive discover about his date? 
A They recognised each other. 
B They had nothing in common. 
C They had a childhood connection. 


8 What did Clive feel about his date's personality? 
A It was a surprise. 
B It matched her appearance. 
C It went with her job. 







Physical description 


X When we describe someone we tend to follow this order 
in our description: height, build, age, hair, face, 
complexion, extra features, dress. Study this example. 


My cousin, Paul, is a tallish man in his mid thirties. He 
is a bit plump and has got long straight hair which he 
wears in a pony tail. He has a round friendly-looking 
face with a little scar on his cheek from a childhood 
accident. He has got bright blue eyes and wears glasses. 
He has got a beard. He isn't very smart and tends to 
wear shabby clothes. 


2 Height and build 


Match these adjectives with the definitions. 


Someone who is 


frail 
stocky 
slim 
plump 
skinny 


is 


overweight.' 
attractively thin. 
(old and) weak-looking 
unattractively thin. 
shortish but well-built. 


3 Age 


1 What ages do these words and expressions describe? 


A elderly B in your teens C a youth D a pensioner E middle-aged 
F a toddler G in your early/mid/late thirties 


2 Tell your partner your age and the age of some family members without being exact 
about it. 


4 Face 


1 Find people in your class who have got round, oval and square faces. 
2 What are scars, moles, wrinkles, lines and freckles? 
3 What colour of skin do people have if they are pale, tanned or sallow? 


5 Eyes 


When we describe people's eyes we normally start with their size, followed by shape and 
colour, e.g. She has got big round blue eyes. 


SIZE SHAPE COLOUR 


Put these sentences into the correct order. 


1 Susan has got brown/large/round/eyes. 
2 Klaus has got blue/bright/eyes/small. 
3 Mary has eyes/green/large. 
4 Mariko has/almond-shaped/large/dark brown/eyes. 


What are eyebrows and eyelashes? 
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6 Hair 


When we describe people's hair, we normally give length first followed by colour 
and style, e.g. He has got long dark hair in a pony tail. 


Match these adjectives with the pictures. 


1 balding 2 straight 3 curly 4 bald 5 spiky 6 wavy 


How is hair if it is in a bun or in pigtails? 


7 Clothes 


Match these adjectives with the definitions. 


1 casual A old/worn a lot 


2 scruffy В carefully dressed 
3 shabby С well (expensively) dressed 
4 smart D informal 
5 neat E untidy/dirty 


READING Look at this short description of a character from a book. It is very effective, but how is it 
different from the description of Paul on page 98? 


Eve was a small woman with a tiny waist and slender elegant legs. She had small 
hands with long tapering fingers. Her face was wide at the cheekbones and narrow at 
the chin, her forehead high, her upper lip short and her mouth full and lovely. Slightly 
tilted, her pretty nose was a little too small for her face. She had large hazel-green eyes 
and black eyebrows like Chinese brush-strokes, not unlike Sean's, and her thick, shiny, 


dark hair reached to the middle of her back. But she was very small, no more than five 
feet or five feet one at best. Liza didn't know her weight, they had no scales, but when 
she was sixteen Eve estimated seven and a half stone for herself and eight stone and a 
bit for Liza and that was probably right. Yet this tiny woman had somehow moved a 
man one and a half times her weight and nearly six feet tall. 
And put him where? Somewhere in the wood, Liza decided, when she thought about it 
around that sixteenth birthday. 


WRITING You were a witness to a bank robbery in your town. You got a good look at the criminals 
when they took off their masks in the getaway car. Write about the robbery and include a 
full description of the criminals. 
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COLOUR CHOICES 


FIRST THOUGHTS 


When you select what to wear, are there colours 
you always choose? Are there any colours you 
always avoid because they don't suit you? 


READING 


What really suits you? 


1 You are going to read an article about a method of 
selecting the colours that suit you best, based on the 
colour of your hair and eyes, and your skin tone. 
Before you begin, study the vocabulary in the 
glossary box opposite. 


1 What are blusher, eyeshadow and lipstick? 
2 What two common meanings does "wardrobe" 
have? 


2 Read the first two paragraphs and find out what 
Margot Henderson does for a living and how her 
technique works. 


3 Read the short profiles of the people Margot 
analysed and put them in order of how successful 
Margot thinks their present colour choices are. Start 
with the best and go through to the worst. Match the 
people in the text with pictures 1-6. 


4 Now choose the most appropriate heading from 
the list A-H for each part (1-6) of the article. There is 
an example at the beginning (O) and an extra 
heading you do not need to use. 


A 
В 
С 
D 
E 
F 
G 
H 


Fashion victim 
A hopeless case 
Variations on a colour 
Prettier in pink 
Colour coded 
A bit mixed up 
Copy cat 
Dare to be bold 


100 
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Glossary: 


flair imagination and style 
gorgeous very attractive 
mauve pale purple 
get away with succeed at something risky 
bronze dark yellowish brown 
drained with all the colour taken away 
go for /opt for choose 
steer clear of avoid 
pastel pastel colours are clear and pale 
subtle delicate, not obvious 
garish too brightly coloured 
porcelain cream 
ivory very white 


О List the colours that the three categories should 
and shouldn't use for clothes and make-up. 


LISTENING 


Margot, the colour consultant, and Ambrose, an 
interviewer, are discussing the right colours for 
them to wear. While you listen, complete the notes. 


Before, Margot used to choose colours just because 
t h e y ( l ) 
Margot thinks that (2) doesn't suit most 
people. 
Margot has got (3) hair, (4) eyes and 
lots of (5) on her face. 
Her colour classification is (6) 
When she realised how her old colours made her look, 
she got (7) 
Ambrose's colour classification is (8) 
He should go for blacks and greys and combine them 
with vivid colours like (9) red and yellow. 
He should steer clear of (10) 


SPEAKING 


Work in pairs or small groups. Based on what 
you have found out, advise each other about the 
right colours to wear. 
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PICTURES OF THE SOUL 


FIRST THOUGHTS Look at this selection of pictures drawn by different young children. 


1 What is your immediate reaction to them? 
2 What kind of character do you think the children have? 
3 How possible is it to analyse character from people's drawings? 


LISTENING 1 You are going to hear a conversation between three people who are discussing the 
pictures you have just looked at. Angela is a psychologist, Paul is a teacher and Joseph a 
social worker. Answer the questions by writing 


A ( for Angela), 
P ( for Paul) or 
J ( for Joseph). 


Asking for clarification 
What do you mean? 
What makes you say that? 


Checking you've understood correctly 
So what you're saying is.... 


Saying you understand 
I see; I think I understand. 


Saying you don't understand 
I'm sorry but I don't follow you 


LANGUAGE STUDY 1 Study these constructions using look. 


1 This looks like the work of a child. 
look like + NOUN 


2 It looks neat and pretty to me. 
look + ADJECTIVE 


3 It looks as though I as if there is a lot of 
anger there. 
look as though/if + VERB PHRASE 


2 Where necessary, correct the following 
sentences. 


1 She looks like hungry. 
2 He looks like his father 
3 She looks like a teacher. 
4 It looks as if it's going to rain. 
5 The boys look like breaking into the car 


2 Managing conversat ions 


Study these ways of keeping a conversation going. 
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О Pract ice 


In pairs or groups, discuss these other pictures by young children. Which ones do you 
think have been produced by happy and unhappy children? Use the constructions based 
on look. 


Keep the conversation going by using some of the expressions from Managing 
conversat ions on the opposite page. 


USE OF ENGLISH Word building 


1 Look at the tapescript on page 228. What nouns are made from these adjectives? 


sympathetic 
anxious 


• miserable 
• angry 


2 How are the following adjectives made negative? 


happy 
responsible 


capable 
legible 


possible 
honest 


Turn the adjectives into nouns. 


О What negative prefixes are used with these adjectives? 


legal loyal comfortable reliable kind obedient 
favourable literate patient 


4 Complete this text about the painting The Scream by 
Edvard Munch by changing the word in capitals into a 
suitable form to fill each gap. 


© The Munch Museum/The Munch-
Ellingsen Group/DACS 1996 


If ever a painting lent itself to the character (1) of its ANALYSE 
artist it is surely The Scream by Edvard Munch. It expresses the 
(2) of a solitary figure in emotional crisis. Beneath this, it is MISERABLE 
the deep (3) of the artist that screams at us from the HAPPY 
canvas. It is a (4) , neurotic, hysterical picture. POWER 
Yet, we should (5) with Munch, a Norwegian, born in SYMPATHY 
1863, whose tragic (6) was marked by the CHILD 
(7) of close family members. LOSE 


This experience transformed a natural (8) into an SENSITIVE 
(9) with love, sickness and death. The Scream expresses OBSESS 
the profound pessimism and (10) of its artist. ANXIOUS 







FASHION CLASH 


FIRST THOUGHTS 1 Have you ever argued with your parents over the clothes you wear or the hairstyle 
you choose? 


2 In groups, look at the pictures and tell the story. Then decide what the people might 
have said. 
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VOCABULARY Clothes 


Complete the sentences with an appropriate word connected with clothes. 


1 These trousers are really t I'll have to go on a diet. 
2 Mind you don't wash it in hot water. You don't want it to s 
3 This jacket doesn't quite m these trousers. 
4 She wanted to make room in her w so she threw away all her old clothes. 
5 Go on! Buy that skirt. The colour really s you. 
6 These trousers are really too big. They look b 
7 Passengers are advised to wear l , comfortable clothing when flying. 
8 You can't possibly wear that striped shirt with a ta r tan tie. They с horribly. 
9 Don't worry if these jeans are too big. We can always t them і at the 


waist and turn и the legs. 
10 I'd like a blouse to g. with this skirt. What would you suggest? 


LISTENING You will hear five different men talking about experiences they have had associated with 
clothes. Choose from the list A-F what happened to each one. Use each letter only once. 
There is one extra letter which you do not need to use. 


A He had an accident while he was swimming. 
В Не decided not to buy something in a shop. 
С Не had an argument about school uniform. 
D He was angry with a parent about an item of clothing. 
E He wore the wrong thing to a party. 
F He bought something which didn't fit that well. 


SPEAKING In pairs find out from a partner if they have ever 


• worn the wrong thing to a social occasion. 
• had an argument with their parents about clothes or make-up. 
• had problems in a clothes shop. 


PRONUNCIATION 


2 In pairs, practise showing surprise in these situations. Student A says something; 
Student В reacts, repeating what Student A says. Improvise! 


A You have decided to accept your teacher's offer of marriage. 
В You had a minor car accident on the way to school today. 
С The car you were in knocked over a cyclist, but she's OK. 
D You have decided to give up learning English and study Russian instead. 
E You borrowed some money from Student B's wallet without asking. 
F You can't pay your friend back until the end of the month. 
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Rising intonation 


1 In the Listening, speakers 3 and 4 repeat what someone else has said. They both 
use rising intonation to express disbelief. Listen again and try to copy their intonation. 
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NEW GENERATIONS 


FIRST THOUGHTS 


1 Can you match these names of teenage cults 
to the photographs. Which do you know? 


READING 


A Skinheads 
В Goths 
С Teddy boys 


D Mods 
E Hippies 
F Punks 


2 What approximate order did they appear in? 


You are going to read a magazine article about 
Teenage Cults. Choose the most suitable heading 
from the list A-H for each part (1-6) of the article. 
There is one extra heading which you do not need to 


use. 
There is an example at the beginning (0). 


A The teenage idol theory 
В The class theory 
С The drug culture theory 
D The capitalist domination theory 
E The negativity theory 
F The global village theory 
G The reaction theory 
H The technology theory 
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LANGUAGE STUDY 


Conjunctions 


Conjunctions are used to join verbs, adjectives or 
parts of a sentence together. Choose the most 
appropriate conjunction, А, В or C, to complete the 
following sentences. The sentences must agree with 
the sense of the article you have just read. 


1 Teenagers want to show they're different 
they react against their families. 
A because В but С so 


2 do they react against their parents but 
against older brothers and sisters too. 
A Also В Not only С And 


3 Young people know what's going on 
communications are so good. 
A yet В since С so 


4 they are able to copy each other. 
A Even so В As well С That's why 


5 teenagers copy pop idols, the stars have to 
understand what the young really want. 
A As well as В Because С For 


6 Pop music is popular modern technology. 
A thanks В because С due to 


7 There are other drugs alcohol and 
nicotine. 
A as well В too С besides 


8 Businessmen invented youth cults to 
exploit the young 
A in order В therefore С also 


9 , this does not explain cults such as the 
punks. 
A In addition В Nevertheless С Therefore 


10 Skinheads feel victimised by society. , they 
form a culture of their own. 
A Consequently В In order to С And 


LISTENING 


1 Look at the photograph of the Goth. How 
would you describe her? What do you think she 
believes in? 


2 Listen to someone talking about Goths and make 
notes around these points. 


• clothes/jewellery and make-up 
• origins /influences 
• philosophy/interests 
• origin of their name 


WRITING 


Write a 60 to 80 word summary about Goths 
based around your notes. Try to use some of the 
conjunctions you met earlier. 
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HANG YOUR HEAD IN SHAME! 


2 Fill the gaps with phrasal verbs from Exercise 1. 


1 Stop running away from the situation. 
It's time you it. 


2 He promised to pick me up from the 
station but he didn't. That's the second 
time he has me this week. 


3 She was never able to her 
mother's high expectations of her. 


4 I don't know why you him. You 
agree with everything he says and copy 
everything he does. 


5 Why do you her every 
time she speaks? I'm not surprised she 
has no self-confidence. 


6 Don't be such a snob, Marcia. Just 
because she doesn't have as much 
money as you, that's no reason to 
her. 


7 After he had spent all evening 
the problem with his best friend 
he felt much better about things. 


8 You can't expect me to the plan 
before I've had an opportunity to study 
it carefully. 


9 Oh, no! It's going to take ages to 
these documents Why doesn't 
he ever file anything? 


USE OF ENGLISH 
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1 When people have problems, they sometimes write to advice columns in magazines. 
Read this letter to Angela Strong and find out what the problems are. Now complete the 
passage by using only one word for each gap. 


Dear Angela, 


I was horrified (1) I found out that my 12-year-old daughter had 
(2) arrested for stealing some make-up from a high street chemist. 
(3) happened because she had been dared (4) some older 
children she looks up to. At (5) she went along with what they 
wanted (6) to do. However, once she was in the shop she was 
(7) frightened that she started crying, which is (8) attracted the 
attention of the shop assistant. The police (9) called and she was 
given a telling-off at the police station. 


(10) this terrifying experience she has been too afraid to go out on 
her (11) and cries all the time. My husband doesn't seem to care 
(12) much. He says she shouldn't have stolen in (13) first place 
and was unlucky to be caught. Now it is (14) she must learn to live 
with it. But I feel a failure as a parent and am afraid that my child will 
(15) to crime later on in life. 


Yours sincerely, 
Ashamed 


VOCABULARY Phrasal verbs 


1 Match each phrasal verb with its definition on the right. 


1 go along with 
2 talk over 
3 live up to 
4 sort out 
5 put down 
6 look down on 
7 face up to 
8 let down 
9 look up to 


A cause someone to be disappointed 
B put in order/put right 
C be brave enough to accept or deal with something 
D respect 
E agree with/support 
F speak about something thoroughly 
G have a low opinion of someone 
H reach someone's high standards 
I make someone feel unimportant 
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2 What advice would you give 
"Ashamed"? 


3 Read the reply Angela 
Strong has written to 
"Ashamed". Do you think she 
offers wise advice? 


4 Now edit the text. Tick 
those lines which are correct 
(\/). Where a line has an extra 
word which should not be 
there, identify the word and 
write it down. 


Dear Ashamed, 


1 I am tend to agree with your husband's reaction. 
2 You should try to put the incident behind of you. 
3 Even though she is the one who has let you down 
4 but she cannot forgive herself until you have 
5 managed to forgive her. You seem to think that guilty 
6 feelings are belong to you both. This is the real 
7 shame. You should put an energy into making 
8 your daughter feel better by talking over her problems. 
9 This kind of situation is unfortunately quite a 


10 common, you know. Most of kids, in my experience, 
11 they do something like this at some stage. It is 
12 a long time ago since this happened and if I can 
13 give you some advice it is this: take her on holiday, 
14 before she makes herself really ill, and enjoy 
15 yourselves. I am confident that as soon as you will 
16 leave your home environment the feelings of a 
17 shame will begin to fade. Afterwards let her to 
18 face up to people in her own time. 
19 I am sure that you can sort every things out. 


Yours sincerely, 
Angela Strong 


О Look at this letter from Richard A. Complete it by changing the 
word in capitals into a suitable form to fill each gap. 


Six years ago when I was a student I was short of money. Once a 
week I used to go home to see my parents. Although I had a good 
(1) with my mother I never got on well with my father. I 
could never live up to his high (2) of me. I had always 
been (3) at the things he valued and he was always 
putting me down with his continuous (4) 
One day I did a really (5) thing. I stole some money from 
him. I had started off by asking him if he could lend me some. He 
refused saying I was (6) with money. We then had a 
terrible row and he went out. I was so angry, I stole ten pounds 
from his wallet. When he noticed its (7) , he asked me who 
had taken it. 
After I told him he banned me from the house. I have been back 
there since but he still looks down on me for what I did. I want to 
make things up but I feel completely (8) Half of me 
wants to say "Sorry Dad" while the other half still thinks he is 
behaving (9) by having kept up this attitude for so long. 
How can I bridge this endless (10) ? 


Yours sincerely, 
Richard A 


RELATE 
EXPECT 
HOPE 
CRITICISE 
FORGIVE 


RESPONSIBLE 


APPEAR 


HELP 


REASON 
UNDERSTAND 


WRITING Write a reply from Angela to Richard's letter. Remember that it 
should be in an informal, friendly style. Look through Angela's 
first letter to "Ashamed" and find the language she uses to give 
advice. 
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LANGUAGE STUDY 


Reported speech 


1 In his letter to Angela Strong Richard wrote 
When he noticed its disappearance, he asked me 
who had taken it. 


In pairs, look at these reported speech sentences 
and decide what is wrong with them. 


1 He told the problem was difficult. 
2 She said him to turn down the music. 
3 He asked her how much money did he take. 
4 He asked whether he can help. 
5 She explained to him the problem. 


Now work out the basic grammar rules for 


A when we use say and tell, and how they are 
different grammatically. 


В what happens to questions when we report 
them. 


С what usually happens to tenses when they are 
reported. 


D what happens to the word order of a sentence 
using explain. 


2i Tense changes 


Complete this chart of tense changes. 


3 Changes wi th modals 


1 What do may, can and will become in reported 
speech? 


2 What happens to would, could, should, ought to 
and must in reported speech? 


3 Change this first conditional sentence into reported 
speech. 


Helen: If you do that again, I'll hit you. 
She told him 


Note Second and third conditional sentences stay the 
same in reported speech. 


"I thought you said you'd done this before." 







Teenage Cults 


4 Other c h a n g e s 


1 Change these sentences from reported into direct 
speech. Think carefully how you are going to deal 
with the words in bold. 


A She said she was going to leave the fol lowing 
day. 


В Не said tha t was the record he had bought two 
days earlier. 


С They said the parcel would arrive in two days' 
time. 


D He asked if anyone had come on the previous 
day. 


E We told them their flat would be ready the 
fol lowing month. 


F He said he had called earl ier but nobody had 
answered the door. 


G She asked him if that day was his birthday. 


2 Now complete this table. 


DIRECT SPEECH REPORTED SPEECH 
A this 
В this/that 
С today 
D yesterday 
E the day before yesterday 
F before 
G tomorrow 
H the day after tomorrow 
I next week/month/year 


0 Report ing advice and suggest ions 


1 This is how you report advice: 
She said, "If I were you I'd take an umbrella." 
—• She advised me to take an umbrella. 


2 This is how you report a suggestion: 
She said, "Let's play tennis." 
—• She suggested playing tennis. 


suggest +VERB + ing (GERUND) 
or She suggested that they (should) play tennis. 


Suggest is a complicated reporting verb to use 
because there are lots of possibilities. The best one to 
remember is Suggest that someone should do 
something. 


3 Change these sentences with suggestions and 
advice into reported speech. 
A "If you take my advice you'll go by train," Sue 


told Richard. 
В "How about watching TV?" Arthur asked. 
С Julian: Why don't you go to the cinema, Gina? 
D Doctor: You should take more exercise, Miss 


Brown. 
E Grandmother: If I were you, Fatima, I'd wear a 


scarf. 


О Complete the second sentence so that it has a 
similar meaning to the first. You must use between 
two and five words including the word given. Do not 
change the word given. 


1 Carol: Could you be a little quieter, Peter? 
such 
Carol told Peter noise. 


2 Sue: If I were you Richard, I'd take the train not 
the bus. 
instead 
Sue advised Richard of the bus. 


3 The doctor advised me to take more exercise. 
idea 
The doctor told me it to take more exercise. 


4 Robin advised me to buy shares in Sony. 
I 
Robin suggested shares in Sony. 


5 He told me it was the first time he had ever flown. 
never 
"I ," he said. 


6 Porter: Sorry, the train left five minutes ago. 
missed 
He told them they five minutes. 


7 "I'll deliver the puppy the day after tomorrow," he 
promised. 
in 
He promised to deliver time. 


8 "Do you know where my tennis racquet is, Mum?" 
Sharon asked. 
seen 
Sharon asked her mother tennis racquet. 


9 In my opinion he should have a haircut. 
am 
As he should have a haircut. 


10 Why do you think you are superior to other people? 
look 
What makes other people? 
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LISTENING 


1 Rachel has telephoned a radio phone-in 
programme for some advice. The person in the studio 
is Dr Howard, who specialises in the emotional 
problems of young people. 


Listen to Part A of the call and decide if these 
statements are True or False. 


1 Mark is unemployed. 
2 Mark left school a year ago. 
3 Mark is no longer the same boy. 
4 Rachel mentions three changes of character. 
5 Rachel doesn't like his friends. 
6 Rachel knows that Mark is taking drugs. 
7 A television has disappeared from the home. 
8 Mark likes listening to music. 
9 Money isn't safe in the home. 


10 Mark's father is away from home a lot. 


In pairs, discuss what you think is wrong with Mark. 
What advice would you give to his mother? 


2 Now listen to Part В of the call. Note down the 
advice Dr Howard gives Rachel. In your opinion does 
she give good advice? 


3 Write a short report on the phone-in programme 
for a students ' newspaper. Explain what Rachel asked 
Dr Howard and the advice that was given in Part B. 
Finish the report with a few lines about your own 
opinion. 


Begin the report like this: 


"Last night's Dr Howard radio phone-in programme 
again focused on the problems young people face. 
There was one particularly disturbing call from a 
mother who was worried about her teenage son. She 
started by telling us * 


WRITING 


1 In Unit 7 we looked at the opinion question 
from Paper 2 (Writing). In this unit we are 
going to look at two answers to the following: 


More and more young people are turning to drugs. 
Why is this so and what can be done about the 
problem? 


Look at the first answer opposite and study the type 
of mistake that has been made. 


There are some good ideas in this essay, but there are 
quite a few mistakes. Some, such as numbers 2, 3 and 
8, can be forgiven because the language rules are 
quite complicated. Others, such as 5, 9, 13 and 14, are 
much more serious. They are basic mistakes and 
should have been avoided! When you write an essay it 
is essential that you check it for basic mistakes. 


2 Working in pairs, look at the other answer to the 
same question and try to correct it. See if you can find 
any mistakes which you think are serious. 


3 What can be learned from these examples? There 
are two main points. 


1 When you have written a composition, you should 
read it through carefully to check for mistakes. In 
particular, you should check that the basic 
grammar is correct and that the different parts of 
sentences agree with each other. 


2 You must get to know your mistakes. Lots of people 
make the same kind of mistake time after time. 
Look at your last four or five compositions and 
make a list of the kind of mistakes you regularly 
make. 


4 Write your own answer to the question about 
drugs. Where you can, use expressions and ideas from 
the two compositions you have analysed. 
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ANSWER 1 
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READING The text you are going to read is from a story of a boy growing up in the middle of gang 
rivalries in the USA. It contains a lot of informal language and slang. 


The boy, Pony, is part of a gang called the Greasers because they grease back their 
long hair. They come from a working-class part of town. Their enemies, the Socs, come 
from privileged families. They have short hair, drive Ford Mustangs and wear a perfume 
called English Leather. 


FIVE Socs were coming straight at us, and from the way 
they were staggering I figured they were reeling 
pickled. That scared me. A cool, deadly bluff could 
sometimes shake them off but not if they outnumbered 
you five to two and were drunk. Johnny's hand went 
to his back pocket and I remembered his switchblade. I 
wished for that broken bottle. I'd sure show them I 
could use it if I had to. Johnny was scared to death. I 
mean it. He was as white as a ghost and his eyes were 
wild-looking, like the eyes of an 
animal in a trap. We backed 
against the fountain and the 
Socs su r rounded us . They 
smelled so heavily of whisky 
and Engl ish Leather that I 
almost choked. I wished 
desperate ly that Darry and 
Soda would come along 
hunting for me. The four of us 
could handle them easily. But 
no one was around and I knew 
Johnny and I were going to 
have to fight it out a lone. 
Johnny had a blank, tough look 
on his face - you 'd have to 
know him to see the panic in 
his eyes. I stared at the Socs 
coolly. Maybe they could scare 
us to death, but we'd never let 
them have the satisfaction of 
knowing it. It was Randy and 
Bob and the three other Socs, 
and they recognised us. I knew 
Johnny recognised them; he was 
watching the moonlight glint off 
Bob's rings with huge eyes. 


"Hey whatta ya know?" Bob said, a little unsteadily, 
"Here's the little greasers that picked up our girls. Hey, 
hey greasers." 


"You're outa your territory," Johnny warned in a low 
voice. "You'd better watch it." 


Randy swore at us and they stepped in closer. "Nup, 
pal, yer the ones who'd better watch it. Next time you 
want a broad, pick up yer own kind - dirt." 


I was getting mad. I was hating them enough to lose 
my head. 


"You know what a greaser is?" Bob asked. "White 
trash with long hair." 


I felt the colour draining from my face. I've been 
cussed out and sworn at, but nothing ever hit me like 
that did. Johnnycake made a kind of gasp and his eyes 
were smouldering. 


"You know what a Soc is?" I said, my voice shaking 
with rage. "White trash with Mustangs and madras." 
And then, because I couldn't think of anything bad to 
call them, I spat at them. 


Bob shook his head, smiling slowly. "You could use 
a bath, greaser. And a good 


working over. And we've got 
all night to do it. Give the kid a 
bath, David." 


I ducked and tried to run for 
it, but the Soc caught my arm 
and twisted it behind my back, 
and shoved my face into the 
fountain. I fought, but the hand 
at the back of my neck was 
strong and I had to hold my 
breath. I'm dying, I thought, 
and wondered what was 
happening to Johnny. I couldn't 
hold my breath any longer. I 
fought again desperately but 
only sucked in water. I'm 
drowning, I thought, they've 
gone too far. . . A red haze filled 
my mind and I slowly relaxed. 


The next thing I knew I was 
lying on the pavement beside 
the fountain, coughing water 
and gasping. I lay there weakly, 


breathing in air and spitting out 
water. The wind blasted through my 


soaked shirt and dripping hair. My teeth chattered 
unceasingly and I couldn't stop them. I finally pushed 
myself up and leant back against the fountain, the 
water running down my face. Then I saw Johnny. 


He was sitting next to me, one elbow on his knee 
and staring straight ahead. He was a strange greenish-
white, and his eyes were huger than I'd ever seen 
them. "I killed him," he said slowly. "I killed that boy." 


Bob, the handsome Soc, was lying there in the 
moonlight, doubled up and still. A dark pool was 
growing from him, spreading slowly over the blue-
white cement. I looked at Johnny's hand. He was 
clutching the switchblade, and it was dark to the hilt. 
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1 Read the extract and then choose the answer А, В, С or D which you think fits best 
according to the text. 


1 When Pony saw the Socs 
A he knew a fight was inevitable. 
В he thought he could talk his way out 


of trouble. 
С he realised it was too late to run 


Just before the fight began 
A Pony had lots of clever things to say. 
В both sides got out their weapons. 
С both sides insulted each other. 
D Pony remained cool and calm. 


away. 
D he put his hand in his pocket. 


2 As the Socs approached, Pony 
A picked up a bottle. 
В knew friends would rescue them. 
С realised he was unarmed. 
D started to panic. 


3 Pony knew that Johnny 
A was calm and unafraid. 
В could hide his feelings from the Socs. 
С could beat any Soc. 
D was ready for action. 


4 What was the reason for the fight? 
A The Greasers were in Soc territory. 
В Both gangs had arranged it earlier. 
С The Socs were looking for revenge. 
D The Socs wanted to impress their 


girlfriends. 


6 When his face was in the fountain, Pony 
A managed to break free. 
B realised it was stupid to resist. 
C pretended to relax. 
D very nearly drowned. 


7 After Pony found himself on the 
pavement 
A he was ready to continue the fight. 
B he was happy to be alive. 
C he got up almost immediately. 
D he couldn't control his body. 


2How do you think the story continues? What happens to Pony and Johnny? 


1 The writer of the story adds atmosphere to the text through the choice of vocabulary. 
We know that the Socs "staggered", that Bob's rings "glinted" and that Johnny made a 
kind of "gasp". Which words describe a noise made when breathing, a way of walking and 
the way that light shines? 


2 Using your dictionaries, find out which of the three categories above the verbs in the 
box belong to. 


limp pant sigh glow shuffle stroll snore stumble glitter gleam 
sparkle stride choke wheeze creep 


3 In pairs or groups, invent a short dramatic story incorporating as many of the verbs 
we have just met as you can. 


VOCABULARY 







Us and Animals 
PROBLEMS, PROBLEMS 


FIRST THOUGHTS What is the answer to this traditional riddle: "Which creature has four legs when it is 
young, two legs when it has grown and three legs when it is old?" 
Do you know any more riddles like this? 


SPEAKING Here is another problem 
which has teased the brains of 
generations. Have you come 
across it before? Do you know 
the solution? 


A farmer wants to cross a river with a dog, a goose and a cabbage. However, he has a 
problem! He can only take one item at a time in his old rowing boat. 
• Unfortunately, the dog will eat the goose if it is left on its own. 
• Also, the goose will eat the cabbage given half a chance. 
How does he get all three to the other side of the river without any being eaten? 


LISTENING 1 Listen to Magnus and Patrick discussing the above. How far do they get with the 
problem? What idea do they come up with to help them to solve it? 


2 Now listen to their conversation again and complete the dialogue. 


MAGNUS: Well, (1) he should do? 
PATRICK: Well, it's tricky, isn't it? He (2) the cabbage across. 
MAGNUS: No (3) ; the goose will get eaten by the dog. 
PATRICK: Oh, yeah. (4) Well how about this: first of all he takes the goose, 
because the dog won't eat the cabbage, will it? 
MAGNUS: (5) But then what should he do next? I know, (6) row back to 
the other side and then pick up the dog. 
PATRICK: But (7) won't he still have the same problem? I mean, we can't leave the 
dog with the goose, can we? 
MAGNUS: Oh no, of course not. I'm not sure what to do. 
PATRICK: I know. I've got an idea (8) you know, work it out with a diagram. OK, 
this is the river (Draws river) and this button is the dog, the paper clip's the cabbage and 
erm, this coin can be the goose. 
PATRICK: Great, now (9) 


3 Managing conversat ions 


What language do Magnus and Patrick use to work together and discuss a solution? 
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2 Choose the best answers to these questions. 


1 Why does Jane Goodall want to stay in the wild? 
A She wants to study a whole life cycle of chimps. 
В She feels she hasn't made much progress. 
С She wants to die with the animals she loves. 
D She wants to stay a record 50 years. 


2 What do chimps and humans have in common? 
A Their sense of humour. 
В Family arguments. 
С A dislike of warfare. 
D "Grammatical" language. 


3 What did Goodall find out about warfare? 
A It was an exclusively human activity. 
В Mature males were more interested in it. 
С Chimps showed no mercy to male enemies. 
D A number of females took part. 


4 Why did the chimps fight? 
A Over territory. 
В То win extra females. 
С For fun. 
D Because there wasn't enough food for everyone. 


5 What theory does Goodall's research appear to 
support? 
A Society has evolved partly because of war. 
В Chimps will soon catch up with humans. 
С Chimps have much in common with lions and 


bulls. 
D Mankind will destroy itself through war. 


6 What conclusions did she draw about adoption? 
A It is unknown among chimps. 
В It never occurs in nature. 
С It occurs within chimp families. 
D It often leads to child beating. 


7 Why is it useful to study chimp behaviour? 
A We can learn how to be better parents. 
В It is just like h u m a n behaviour. 
С It may help us understand ourselves better. 
D It is not as complex as our behaviour. 


LANGUAGE STUDY 


Contrasting ideas 


1 In the article about J a n e Goodall it says Some 
females left the losing side to join the aggressors. 
Although they were accepted, not one of their babies 
was allowed to live. 
There are two ideas in the second sentence: They were 
accepted. Not one of their babies was allowed to live. 
Although is used to emphasise the contrast. 


Let's look at other ways in which we can contrast 
ideas. 


1 She had a cold but she still played tennis. 
But shows there is a contrast in the sentence. 
People don't normally play tennis if they have got a 
cold! 


2 Even though she had a cold, she still played 
tennis. 
Even though + SUBJECT + VERB 
Even though emphasises the contrast more than 
although. 


3 Despite (her) having a cold, she still played tennis. 
Despite + (POSSESSIVE ADJ) + VERB + ing 
Despite her cold she still played tennis. 
Respite + NOUN 
Despite the fact she had a cold, she still played 
tennis. 
Despite the fact (that) + SUBJECT + VERB 


4 She had a cold. However, she still played tennis. 
However comes b e t w e e n the two ideas that are 
contrasted, and is followed by a comma. 


5 She had a cold. Nevertheless(,) she still played 
tennis. 
Again, n e v e r t h e l e s s comes b e t w e e n the two 
ideas that are contrasted. 


2t In pairs, look at these sentences and correct them 
where necessary. 


1 Although she is three years old she can't walk. 
2 Despite the restaurant was empty, the stranger 


came and sat opposite me. 
3 However, the wine was bad the food was good. 
4 Although it was a beautiful day, we had a 


marvellous time at the beach. 
5 Even though he was unhappy, he was rich. 


3 Now join these sentences using as many of the 
methods we have looked at as possible. 


1 It really enjoys going for walks. Their dog is very 
old. 


2 They have a small flat. They have got a large dog. 
3 They tried to housetrain the puppy. It didn't work. 
4 Pigs are supposed to be dirty. They're quite clean 


actually. 
5 The squirrels look tame. They may bite you. 


Invent sentences/situations of your own to show that 
you understand these different ways of making 
contrasts. 
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IN THE WILD 


FIRST THOUGHTS Do you think we can learn anything about ourselves by studying animals and their 


behaviour? 


READING 1 Read the article about Jane Goodall. Note down what human beings and 


chimpanzees have in common. 


For 25 years now, Jane Goodall 
has been studying chimpanzees at 
Gombe in Tanzania. This has 
already become the longest project on 
animals living in the wild. However, 
she intends to carry on her research 
for the rest of her life, as chimps can 
live for anything up to 50 years. In 
this way, she hopes to observe the 
progress of an entire generation of 
chimps from birth to death. 


The most surprising discovery of 
the early years of her research was 
that chimps used tools. For example, 
they poked small branches into holes 
in trees in order to extract insects to 
eat. Before this discovery, people had 
thought that chimps weren't 
intelligent enough to use tools. 
Another distinction between 
chimpanzees and human beings had 
been eliminated. 


There are, of course, many easily 
observed similarities. Chimps kiss and 
cuddle like humans. Furthermore, 
they are self-aware and can recognise 
themselves in mirrors, which other 
animals are unable to do. Strong 
family relationships are seen to. exist 
and even adolescent chimps run back 
to mother when they find themselves 
in trouble! What's more, chimps seem 
to have some kind of structured 
language in which they can express a 
number of abstract concepts. 


However, not everything about 
chimps is so cosy and comfortable. 
Starting in the early seventies, Jane 
Goodall was horrified to observe a 
prolonged war waged by one group of 
chimps on another "tribe" which had 
broken away some years earlier. This 
observation altered her perception of 
chimps, making them seem, in her 
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eyes, even closer to humans. It had 
always been thought that humans 
were the cruellest of animals, and that 
what made us unique was our habit 
of making war on one another. The 
chimps' war showed that this was not 
the case. 


It appears that there was no reason 
for the conflict other than a perhaps 
natural hostility to aliens. Even 
though the younger males were the 
most aggressive of the group, they 
were sometimes joined by a single, 
aggressive female. Chimps in the 
enemy group were hunted 
individually and cruelly killed. The 
excitement and enjoyment Jane 
Goodall witnessed were very similar 
to that shown by human beings 
taking part in war or criminal activity. 


Despite the fact that a lion may kill a 
zebra for food or a bull may fight to 
assert its dominance over the herd, 
this "law of the jungle" must be 
distinguished from the behaviour of 
the chimps. It has been claimed that 
war was a key factor in developing 
human social organisation and the 
selection of the strongest and most 
intelligent. Jane Goodall believes that 
she may have witnessed this in its 
earliest stage of development. 


During the war, some females left 
the losing side to join the aggressors. 
Although they were accepted, not one 
of their babies was allowed to live. 
This is a common pattern in other 
animals, and the adoption of infants 
from an alien group is unknown in 
other species apart from man. 
Nevertheless, older chimps may adopt 
younger brothers or sisters if the 
mother dies. 


This may help us understand why 
stepfatherhood can be unsuccessful 
for humans and how difficult it may 
be to create artificial families. Child-
beating is at its most common where 
stepparents are concerned. It may be 
just too difficult for most people to 
truly accept children that are not their 
own. 


Goodall is currently studying how 
the early experiences of baby chimps 
affect them in later life - particularly 
how a badly mothered chimp will 
become a bad mother herself. Such 
research may give us clues about 
human behaviour and motivation. 
She writes, "Because chimps are less 
complex, it is easier to study these 
effects. The scars of childhood are less 
apparent where human beings learn 
how to hide their feelings." 
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2 Choose the best answers to these questions. 


1 Why does J a n e Goodall want to stay in the wild? 
A She wants to study a whole life cycle of chimps. 
В She feels she hasn't made much progress. 
С She wants to die with the animals she loves. 
D She wants to stay a record 50 years. 


2 What do chimps and humans have in common? 
A Their sense of humour. 
В Family arguments. 
С A dislike of warfare. 
D "Grammatical" language. 


3 What did Goodall find out about warfare? 
A It was an exclusively h u m a n activity. 
В Mature males were more interested in it. 
С Chimps showed no mercy to male enemies. 
D A number of females took part. 


4 Why did the chimps fight? 
A Over territory. 
В То win extra females. 
С For fun. 
D Because there wasn't enough food for everyone. 


5 What theory does Goodall's research appear to 
support? 
A Society has evolved partly because of war. 
В Chimps will soon catch up with humans. 
С Chimps have much in common with lions and 


bulls. 
D Mankind will destroy itself through war. 


6 What conclusions did she draw about adoption? 
A It is unknown among chimps. 
В It never occurs in nature. 
С It occurs within chimp families. 
D It often leads to child beating. 


7 Why is it useful to study chimp behaviour? 
A We can learn how to be better parents. 
В It is just like h u m a n behaviour. 
С It may help us understand ourselves better. 
D It is not as complex as our behaviour. 


LANGUAGE STUDY 


Contrasting ideas 


1 In the article about J a n e Goodall it says Some 
females left the losing side to join the aggressors. 
Although they were accepted, not one of their babies 
was allowed to live. 
There are two ideas in the second sentence: They were 
accepted. Not one of their babies was allowed to live. 
Although is used to emphasise the contrast. 


Let's look at other ways in which we can contrast 
ideas. 


1 She had a cold but she still played tennis. 
But shows there is a contrast in the sentence. 
People don't normally play tennis if they have got a 
cold! 


2 Even though she had a cold, she still played 
tennis. 
Even though + SUBJECT + VERB 
Even though emphasises the contrast more than 
although. 


3 Despite (her) having a cold, she still played tennis. 
Despite + (POSSESSIVE ADJ) + VERB + ing 
Despite her cold she still played tennis. 
Despite + NOUN 
Despite the fact she had a cold, she still played 
tennis. 
Despite the fact (that) + SUBJECT + VERB 


4 She had a cold. However, she still played tennis. 
However comes be tween the two ideas that are 
contrasted, and is followed by a comma. 


5 She had a cold. Nevertheless(,) she still played 
tennis. 
Again, nevertheless comes be tween the two 
ideas that are contrasted. 


2 In pairs, look at these sentences and correct them 
where necessary. 


1 Although she is three years old she can't walk. 
2 Despite the restaurant was empty, the stranger 


came and sat opposite me. 
3 However, the wine was bad the food was good. 
4 Although it was a beautiful day, we had a 


marvellous time at the beach. 
5 Even though he was unhappy, he was rich. 


3 Now join these sentences using as many of the 
methods we have looked at as possible. 


1 It really enjoys going for walks. Their dog is very 
old. 


2 They have a small flat. They have got a large dog. 
3 They tried to housetrain the puppy. It didn't work. 
4 Pigs are supposed to be dirty. They're quite clean 


actually. 
5 The squirrels look tame. They may bite you. 


Invent sentences/situations of your own to show that 
you understand these different ways of making 
contrasts. 
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FIRST THOUGHTS Write down the names of the first three animals that come into your head and give the 
names to your partner. Then turn to p l23 for the interpretation. 


SPEAKING 1 Animals quiz 


Name the creatures in the picture and answer the questions. 


1 What is the largest mammal in the 
world? 


2 What is the fastest mammal in the 
world? 


4 What is the most poisonous snake in the 
world? 


5 What is the largest bird in the world? 
6 What is the rarest mammal in the world? 


3 What is the commonest mammal in the 7 Which creature is the most dangerous to 
world? man? 


2Below are 15 animals that are often the object of our love and fear. Which do you 
think are the most beautiful? 


eagle panda elephant cockroach snake crocodile spider mosquito 
dolphin lion giraffe seal whale rat polar bear 


When you have finished compare your answers with a partner. 


LANGUAGE STUDY The comparison of adjectives and adverbs 


1 It had always been thought that humans were the cruellest of animals. 


Decide if these sentences are wrong. Where necessary, correct them. 


1 She speaks good French. 
2 James is more big than Mark. 
3 She is the most good at English in 


our class. 
4 She runs fast. 


5 He plays tennis good. 
6 His car isn't so good as mine. 
7 Jane is very lazy. She works hardly. 
8 You look coldly. Shall I shut the window? 
9 They play chess much more badly than us. 


120 
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2 Now answer these questions about the 
grammatical rules for making comparisons. 


1 How do we make the comparative and superlative 
of a short adjective like tall? 


2 How do we make comparative sentences using as? 
3 What happens to good, bad and far in the 


comparative and superlative? 
4 How do we make adverbs from the following? 


A slow В angry С good 
D beautiful E hard, fast 


5 What are the comparative adverbs for good and 
bad? 


6 When do we use adjectives and adverbs after verbs 
like look, feel, seem, sound, smell and appear? 


7 What are the comparative adjective forms of 
friendly and clever? 


3 Complete these sentences using a comparative or 
superlative form of the word in bold. 


1 Angela is person in the class, young 
2 Andrew speaks good French but Lucy speaks it 


good 
3 The bill isn't as I thought it would be. 


expensive 
4 He bought petrol he could find, cheap 
5 Don't kick the ball so You'll break a 


window, hard 
6 Her teacher speaks than ours, s low 
7 They live from school than I do. far 
8 Your son's behaviour is in the whole 


school, bad 
9 It was... film I had ever seen, boring 


10 You don't look very Cheer up! happy 
11 She sings than anyone else in the choir. 


beautiful 
12 He sounded than he did yesterday. By 


tomorrow he'll have forgotten! angry 
13 What's for supper? Something smells 


good 
14 She works quick than Jul ian but not 


as Alison, fast 


4 Write sentences comparing two countries or towns 
that you know. Say something about the character of 
the people who live there as well as the place. 


5 Sentences with too and enough 


Study this sentence taken from the article about Jane 
Goodall. How could we rephrase it using too? 


People had thought chimps weren't intelligent enough 
to use tools. 
NEGATIVE VERB + ADJ + enough + TO DO SOMETHING 


Use too or enough to make sentences based on the 
following situations. 


1 Annie was really tired last night. She didn't take 
the dog for a walk. 


2 The birdcage was high up on the wall. The cat 
couldn't reach it. 


3 The zebra was very slow. The lion caught it. 
4 What a stupid dog! It will never learn that trick. 
5 The children want to have rabbits as pets. They're 


only three and four. 


USE OF ENGLISH 


Complete the second sentence so that it has a 
similar meaning to the first sentence. You must 
use between two and five words including the word 
given. Do not change the word given 


1 The dog barked all night but we still managed to 
sleep. 
fact 
Despite dog barked all night we still 
managed to sleep. 


2 The cat can't catch the mice. They run too fast. 
for 
The mice run too the cat to catch them. 


3 Cats aren't as expensive to keep as dogs. 
more 
Dogs are cats. 


4 Man is the cruellest of all animals. 
cruel 
There isn't man. 


5 His canary sings better than mine. 
well 
My canary doesn't his. 


6 Is this the cheapest pet food you've got? 
anything 
Isn't this pet food? 


7 Most of the animals survived the hard winter. 
though 
Even , most of the animals survived. 


8 I have never seen a dirtier dog. 
ever 
This must be the seen. 


9 She couldn't afford the Persian cat. 
expens ive 
The Persian cat was buy. 


10 The cheetah is the fastest animal in the world. 
as 
No animal runs the cheetah. 
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DO ANIMALS HAVE RIGHTS? 


FIRST THOUGHTS 


Look at the photograph and discuss the 
questions. 


1 What are the people in the picture doing? 
2 Where are they and how do you think they feel? 
3 Can you make out what they are carrying? 
4 What do you think they are hoping to achieve? 


WRITING 


The opinion question 


1 You are going to read an answer to this question: 
"The killing of animals for their fur should be banned. 
Do you agree?" 


Before you read the answer, try and predict the 
arguments that would be used by each side. What 
would those who support the use of fur say? What 
would their opponents say? 


2t Understanding the organisat ion of the 
composi t ion 


1 Note down any topic vocabulary used in the 
answer, e.g. trap. 


2 Find the language in the answer that does the 
following: 
A puts points in order. 
В says and. 
С balances points of view. 
D introduces a conclusion. 


People in the fur Industry believe t h a t the practice of 
killing animals for their fur should continue. On the 
other hand, many people want to ban it altogether. 
Which side is right? First of all, let us look at the 
arguments used to support the fur trade and then 
look at those of its opponents. 


To begin with, the fur industry claims that fur is a 
natural form of clothing that man has worn since 
prehistoric times. Next, it is beautiful to look at and 
wear. In addition, the need for fur allows hunters to 
continue their traditional way of life, besides 
providing thousands of jobs in the fashion trade. 
Animals bred on farms lead much more comfortable 
lives than those in the wild, which lead short and 
savage existences. 


Opponents believe that there are now so many 
different kinds of clothing that it is no longer 
necessary, or Indeed justifiable, to kill animals for 
their fur. In addition, while the industry provides jobs, 
they are based on unacceptable cruelty. For Instance, 
wild animals may take days to die In cruel traps. 
Moreover, even though conditions on farms may be 
good, they prevent animals living as nature Intended. 


On balance, I believe that the killing of animals for 
their fur should be banned. Despite the fact that fur 
is beautiful to look at and wear, man should learn to 
share the earth with other animals, not just exploit 
them. After all, there is now artificial fur which can 
give the look of real fur without the cruelty. 


LISTENING 


1 You are going to hear two people giving their 
opinions on vivisection (experiments on live animals). 
Listen to what they have to say and complete the 
notes which summarise their points of view. 


If you want to talk on the show call (1) 
Professor Wright believes experiments are necessary 
because we can't observe (2) in scientific 
conditions. Three illnesses, diphtheria, smallpox and 
(3) , used to kill people. Nowadays, if someone 
is bitten by a dog with rabies they survive because 
there is (4) It is important to test drugs on 
animals to check for possible (5) on humans. 


Peter Savage believes we can't (6) the effect 
drugs will have on humans by experimenting on 
animals. Understanding the nervous system is 
possible by (7) Diseases were declining 
because of better (8) Penicillin and aspirin 
were discovered (9) Animal experiments 
should be stopped because they are (10) 
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Іл Sounds in s e n t e n c e s 


Listen to these sentences and phrases taken from the 
listening and note what happens to the parts that are 
underlined. 


1 It's eleven o'clock. 
2 ....it's time for another edition of Crosstalk. 
3 I have two guests to open the debate. 
4 I must state categorically... 
5 ...in the old days. 
6 ....rats and mice... 


Now practise saying the sentences and phrases by 
closely following the model. 


3 Read the story and mark where the links between 
the words would appear. Practise reading it, taking 
care to introduce any of the features of connected 
speech we discovered in Exercise 2. 


Mr West used to be crazy about photography. One day 
he took his car and went to a safari park. He stopped 
to take some pictures. Two ugly monkeys jumped on 
the car roof and bent the aerial. He got out of the car 
and tried to make them go away. Three enormous 
lions came and ate Mr West for lunch. 


VOCABULARY 


Phrasal verbs 


1 Replace each of the words in bold with one of the 
phrasal verbs in the box. Make any changes 
necessary. 


1 They had the dog ki l led because it was old. 
2 The farmer found some newborn kittens as he 


was working in a barn. 
3 Jenny has thought of a wonderful name for her 


new goldfish! 
4 We had to call in the vet because a new disease 


suddenly started among our herd of cattle. 
5 When you have finished supper, can you 


cont inue feeding the pigs? 
6 No, you can't have a cat! It's no use complaining. 


Your father will agree wi th me. 
7 Can I depend on you to feed the rabbit? 
8 Are you going to suggest a design for the stable? 
9 The rat at tacked the cat and bit it on the tail. 


10 The puppy is covered in green paint! How did this 
happen, children? 


2t Express ions wi th take + noun + preposit ion 


Complete each sentence with an expression using 
take. 


Example: He took оffence at what his uncle said. 


1 They tookp a demonstration against 
cruelty to animals. 


2 Could you take с my cat while I'm 
away on holiday? 


3 She tookp the poor motherless kitten 
and gave it a home. 


4 He takes a great deal of p the way his 
horse looks, so he brushes its coat every day. 


5 Julia is going to Kenya on business. I think she 
should take a being there and go on a 
safari. 


3 Preposit ion + noun + preposit ion 


Example: Susie went to the pet shop in order to buy 
some food for her goldfish. 


1 They didn't go to the zoo account the 
bad weather. 


2 He was given a puppy place the dog 
that had died. 


3 The ambassador presented the zoo with the panda 
behalf the Chinese government. 


4 The firemen rescued the kitten from the tree 
means a ladder. 


5 addition her nine cats, she has three 
parrots. 


6 He wrote a long reply answer the 
complaint about his dog. 


WRITING 


Using your notes from the listening and from 
the composition on page 122 as a guide, write a 
for and against composition on this question: 
"Research which involves live animals should be 
banned."How far do you agree with this view? 


Answer to First Thoughts on page 120. 


The first name is the animal you would like to be; 
the second animal is what other people think you 
are. The third is what you really are! 


come across come up with put forward 
come about back up carry on break out 
t u r n on put down count on 
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ANIMAL FARM 


FIRST THOUGHTS 


Which adjectives belong to which creatures: 


adjectives: crafty, brave, wise, stubborn, greedy, 
strong 
creatures: pig, lion, donkey, fox, owl, horse 


How fair is it to describe them in this way? 


READING 


1 Read the summary of Animal Farm. How 


are the animals different from the adjectives we 


associated with them in First Thoughts? 


Animal Farm by George Orwell is a kind of fairy tale 
for adults. It tells the story of a revolution by the 
animals at Manor Farm. (A) We first meet its 
heroes: the naive but courageous Boxer, the 
horse, and the cynical donkey, Benjamin, at a 
polit ical meet ing. Conditions at the farm are 
terrible. (B) Major, an ancient pig, explains his 
polit ical theory of Animalism. Almost by accident, 
there is a revolution at Manor Farm and its cruel and 
drunken owner, Jones, is forced to flee. The intelligent 
pigs take control and introduce the seven 
commandments (laws) of Animalism. An attack by 
nearby farmers is defeated thanks to the bravery of 
Boxer and Snowball, one of the chief pigs. 


Things gradually change. (C) The pigs justify 
taking extra food and privi leges for themselves . 
They start to adopt human ways and live in the 
farmer's house and take to drink. The pigs fall out 
and Snowball is forced to leave. Napoleon, aided by 
his propagandist Squealer, is supreme leader of 
Animal Farm. The animals struggle to build a 
windmill. (D) Boxer is an example to the other 
animals . He always promises to work harder. (E) 
The exi led Snowball and his all ies are blamed 
for all the disasters which occur. Gradually, pigs 
and humans learn to accept each other. Old and worn 
out by work, (F) Boxer is betrayed by the pigs 
and sent off to be kil led. Poor Boxer. (G) Only one 
corrupted commandment remains. The pigs 
announce tha t Animal Farm will become Manor Farm 
once again. (H) In the end it is impossible to tell 
the pigs and humans apart. 


2 Read the nine extracts from Animal Farm. Match 
eight of the extracts 1-9 with the bold summary 
sentences A-H in exercise 1. There is one extract 
which has no summary sentence. 
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LISTENING 


An expert talks about Animal Farm. Complete 
the chart of parallels Orwell wished to draw. 


1 Manor Farm 
2 Soviet Union 
3 Mr Jones 
4 Communist 


intellectuals 
5 Major 
6a Lenin/Stalin + 
+b Trotsky 
7 Boxer 
8 Moses the Raven 


WRITING 


X Read this examination question and the 


answer underneath. How effective is the answer? 


Who do you think is the most interesting person in the 
book you have read? Give a brief account of that 
person's character and explain why you found him or 
her especially interesting. 


The character I would like to describe is the horse Boxer 
from Animal Farm. He is not all that intelligent but he has 
qualities which are far more important. He is loyal and 
hard-working and a good friend. After all, the pigs are 
intelligent but in the end they betray both the animals 
and the revolution. 


Boxer, by contrast, is strong and virtuous and never 
lets anybody down. He shows tremendous courage in the 
battle of the cowshed, and alone of all the animals dares 
to question Squealer's judgement on Snowball. So he is 
not that stupid! Without him the windmills could never 
have been built. If he has a fault it is that he is too 
trusting. It made me sad to read how cruelly exploited he 
was by the pigs. The part of the story where he is taken 
away is very moving. In my opinion, although he is a little 
naive, he is the true hero of the book. 


2 How does the writer 


1 sum up Boxer's attributes? 
2 deal with his negative points? 
3 use examples from the story to illustrate and 


support his opinion of Boxer? 


О Using the composition you have just analysed as a 
guide, answer the question based around a book you 
have read recently. 







STONES FOR SALE! 


When people think of London, they think of Big Ben. Which building or monument 
symbolises your capital city? 


READING 1 Read the text about Cleopatra's Needle and find out 


1 where it came from. 
2 how it was transported to England and what happened on the journey. 
3 what now lies underneath it. 


2 Discuss ion points 


1 Cities and museums in Europe and the USA are full of objects taken from other 
countries. Should they ever be returned to their country of origin? Do you think they 
were "stolen"? 


2 Is there a museum in your town or city which you sometimes visit? What do you like 
about it? How could it be improved? 


3 What do you think the people who buried the objects under Cleopatra's Needle were 
trying to say about their society? What would you choose to bury in a small box so 
future archaeologists would have an idea of what today's society is like? 


FIRST THOUGHTS 







Your Cultural Heritage 


USE OF ENGLISH 1 Read the texts in Exercises 2 and 3 below and find out the connection between the 
famous landmarks. What are they? 


2Using the word given in capitals at the end of the line, form a word that fits in the 


space in the same line. There is an example at the beginning (0). 


What do the Eiffel Tower, the White House and Nelson's Column all 
have in common. One thing is (0). obviously. that they are all famous OBVIOUS 
landmarks. Another is that they have been at the centre of (1) DECEIVE 
by clever (2) with an understanding of human nature. The CRIME 
most (3) was surely Count Victor Lustig. In 1925 the SUCCEED 
(4) Lustig informed some businessmen that the Eiffel Tower PERSUADE 
was going to be demolished because it was (5) Pretending to SAFE 
be an official, he asked them to bid for the scrap metal that would 
result. His (6) to one of them, a certain Monsieur Poisson, SUGGEST 
tha t his offer would receive (7) consideration if he, Lustig, FAVOUR 
received a "present" , was received with great (8) Lustig had ENTHUSIASTIC 
chosen Poisson on purpose as being the greediest and most 
(9) of them all. As soon as Lustig got the bribe he left France. HONEST 
Understandably Poisson was too (10) to do anything. SHAME 


О Now complete the second text by deciding which word А, В, С or D best fits each 
space. There is an example at the beginning (0). 


Scottish villain Arthur Ferguson had a different technique. He (0) would, stand around a 
London monument where quite (1) accident, or so it appeared, he would (2) 
the acquaintance of a wealthy tourist. When the (3) invariably turned to the 
monument, the tourist would ask Ferguson how he was so (4) Ferguson would 
confess to being the official (5) for the sale of Britain's monuments. His greatest 
success was selling Nelson's Column for £6,000. It was only when the demolition 
company (6) address had been given to the tourist refused to knock (7) the 
piece of Britain's national (8) that the tourist understood he had been (9) in. 


Realising that (10) Americans were perfect (11) of his techniques, 
Ferguson emigrated to the States where he stood outside the White House. He told a 
Texan cattleman that the government was (12) ways of cutting its costs and that 
the building could be rented for a (13) $100,000 a year. In New York he sold the 
Statue of Liberty but (14) himself to be photographed. He was identified as 
someone who was already (15) suspicion and the police arrested him. 


0 A accustomed В would С should D used 
1 A on В from С by D with 
2 A make В have С do D get 
3 A debate В argument С conversation D row 
4 A well-known В knowing С knowledgeable D knowledge 
5 A dealing В responsible С chose D charged 
6 A that В which С who D whose 
7 A off В down С over D out 
8 A heir В treasure С inheritance D heritage 
9 A put В brought С taken D carried 


10 A trusted В trusty С trusting D trustworthy 
11 A clients В victims С prey D source 
12 A seeking В searching С looking D going 
13 A just В mere С only D little 
14 A allowed В made С let D forced 
15 A with В under С on D above 
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FESTIVALS 


FIRST THOUGHTS 


What festivals are famous in your country or 
region? What events do they celebrate? 


LISTENING 


You are going to listen to five different men 
talking about festivals and special events. Choose 
from the list A-F what each one has to say. There is 
one extra letter which you do not need to use. 


Speaker 1 
Speaker 2 
Speaker 3 
Speaker 4 
Speaker 5 


• • • • • 
A He was moved by what he saw. 
В Не would never join in the race himself. 
С Не hadn't been to an organised fireworks display 


before. 
D He thought it was an excuse for bad behaviour. 
E He took advantage of it to play a trick on a 


colleague. 
F He preferred the way it used to be. 


READING 


You are going to read a magazine article from 
the travel section of a magazine for young people. 
It is about the Carnival in Trinidad. Choose the most 
suitable heading from the list A-H for each part (1-6) 
of the article. There is one extra heading which you do 
not need to use. There is an example at the beginning 
(0). 


A 
В 
С 
D 
E 
F 
G 
H 


A Blazing Start 
A Costly Experience 
African Influences 
Simply the Best 
Highly Recommended 
A Stroke of Luck 
The Meaning of Carnival 
Music from Nothing 
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WRITING 


Through foreign eyes 


1 England's most famous 
festival is without doubt 
Bonfire Night which takes 
place on November 5th 
each year. 


2 Adriano is studying in 
England. He has just been 
to Bonfire Night. Find out 
why he didn't enjoy himself. 
Then correct the letter. 


Dear Melissa, 


Sorry for not replying your letter but I have been in bed 
with one terrible cold after the Guy Fawkes night. I will 
never used to the weather here. I didn't know nothing about 
this festival before coming to England and I must say I 
think it lea very terrible thing. 


The family where I stay are hospitable and made a big 
bonfire party and Invited lots of their friends. A few weeks 
before, the children made a model called a Guy. He was the 
man who tried blowing up Parliament. The children were let 
to go out Into the street for to ask money from the people 
who were walking by. I don't understand it! Both the 
mother and father have good jobs but they let their 
children to go begl In my country it would be one big 
scandal. 


Anyway, my English family did a very huge bonfire from 
wood and old furnitures at end of their garden. They 
Invited lots of friends and their children too. it was 
freezing cold although everybody was outside. They cooked 
potatoes and the sausages in the fire and drank soupl It 
wasn't very sophisticated, in my country people would be 
embarrassed for to give guests such foods! I was never so 
cold in my life; I am not used to be. The fireworks was really 
nice even If a bit dangerous. At the end they threw the poor 
Guy on the fire, everyone clapped and laughed. I was really 
shocklngl I thought English people was civilised but now I 
am not sure. I thought It was barbarlclll 


Lots of love, 
Adriano 


3 Write a description of a festival in your country 
from the point of view of a foreigner. Describe its 
origins, what actually happens and how you feel 
about it. 
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LANGUAGE STUDY 


used to and would vv 


The writer of the article says tha t the black 
population of Trinidad used to be slaves and that in 
the old days the slaves would have to fight fires in the 
cane fields of the big estates. 


Both u sed to and would can describe regular habits 
and routines in the past: 


He used to smoke. 
He would always light his pipe after dinner. 


U s e d to can also describe past states or situations: 
They used to have slaves. 
She used to have lovely brown hair. 


Would cannot be used in this way, e.g. you cannot say 
*She would have lovely brown hair or *When I was 
young, the town would be surrounded by fields. 


It is possible to use u s e d to most of the time. 
However, we do not do this for reasons of style. Look 
at this example and say why we do not use used to 
all the time. 


He used to get home at about six o'clock in the evening. 
Then he would sit down in his armchair, get out his 
pipe and sit puffing away at it. After that, Mother 
would tell him that tea was ready and he used to go 
into the kitchen to wash his hands. 


Why can't we say His father would work at the car 
factory? 


Prepositions following adjectives 


In the article about Carnival it says that 
French colonists were responsible for taking 
Carnival to the New World. 


The adjective responsible is often followed by the 
preposition for. If we follow a preposition with a verb, 
we have to put the verb into the gerund (-ing form). 


Complete these sentences by following each adjective 
with an appropriate preposition. Sometimes there is 
more than one correct answer. 


1 Are you interested antiques? 
2 She was surprised how cheap the 


watercolour was. 
3 Is he aware how long we have been waiting 


for the tour to start? 
4 Pisa is famous its Leaning Tower. 


5 When I was at school, I was really bad 
history. 


6 We were impressed the guided tour. 
7 Hurry up! I'm worried missing the boat. 
8 This festival is similar the one in Rio. 
9 I'm really tired looking at monuments. 


10 The flood was responsible damaging the 
statue. 


11 She was terribly disappointed the guide
book. 


12 This portrait of her is completely different 
that one. 


13 We're not keen visiting the ruins. 
14 I'm sorry being so late. I had to go back for 


my camera. 
15 Sorry the delay. We should still get to the 


museum before it closes. 


READING 


1 You are going to read an article called Kids 
go through the Euroblender. Look at the cartoon and 
discuss what the title means. 


2 Choose from the sentences A-H the one which best 
fits each gap (1-6). There is one extra sentence and an 
example at the beginning (0). 


A In particular, the divide between the north, 
where the young leave home to live 
independent lives, and the south, where they 
remain part of an extended family, is 
narrowing. 


В A few are worried at the loss of national 
identity and traditions. 


С The concept of the extended family is on the 
way out in southern Europe. More and more 
young Italians and Spaniards, for example, 
don't see care of their parents as a personal 
duty in the way they used to. 


D English is their lingua franca and Inter Rail 
their passport. 


E They are puzzled by their parents ' lack of 
enthusiasm. 


F It's a fake place. It doesn't have any history. 
There's more of a community in Europe. 


G They are interested in Japan, which they see as 
a hi-tech paradise and home of hip foods such 
as sushi. 


H Eurokids, published tomorrow, suggests that 
young Europeans are much more independently 
minded than was once thought. 
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о From what you know, are young people in different countries becoming more similar? 
How do you feel about this? 


WRITING Write a short article or letter for an international students' magazine explaining how life 
has changed in your country since your grandparents' generation. Write between 120 - 180 
words. 
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TAKING A TRIP 


FIRST THOUGHTS 


Imagine you are a tour guide in your town or 
city. You have to organise a tour for a group of young 
people from abroad. 
In pairs or groups discuss how you would spend the 
day. Think about these questions. 


• Where would you start the tour? 
• How long would you need? 
• Which places of interest would you visit? (Don't 


restrict yourself to monuments or museums - there 
might be interesting factories or agricultural sights 
too.) 


• What recommendations would you make about how 
to spend any free time/where to buy souvenirs? 


• What would everyone do at lunch time? 


LISTENING 


A day out in Cambridge 


1 Listen to the tour guide's speech and work out the 
route of the tour on the map of Cambridge. 


2 Listen again and complete the notes. 


The tour leader's name is (1) Southgate. 
She works for (2) 
The church is special because it is (3) 
The tour includes visits to four colleges: Trinity, Clare, 
(4) and (5) 
Visitors mustn't (6) or disturb (7) 
In the afternoon there will be a visit to the (8) 
A punt is a kind of (9) 
Everybody has to meet back at the starting point at 
(10) p.m. 


VOCABULARY 


~~m 
remind, remember and forget 


J. Please may I remind you not to walk on the grass. 


Complete the following sentences with remind, 
remember or forget. 


1 Do not to buy a textbook. 
2 May I you that smoking is not allowed. 
3 I shall that trip until the day I die. 
4 Please me to your parents the next time you 


see them. 
5 Can you her to send the postcards? 
6 Passengers are to keep their valuables with 


them at all times. 


2 Imagine you are going on holiday and a friend is 
going to look after your house or flat. Think of five 
things you would tell them to remember/not forget 
to do. 


LANGUAGE STUDY 


Study this verb pattern. 
She reminded them to be back by 4.30. 
SUBJECT + VERB + OBJECT + INFINITIVE 


• 
Now rewrite the sentences using the words in capitals. 


1 "Would you like to come to the art gallery?" Sophie 
asked Ann. INVITE 


2 I finally agreed with Leila's suggestion that we 
should go to the son et lumiere show. PERSUADE 


3 "Why don't you visit the ruins this afternoon?" his 
mother said. ENCOURAGE 


4 "Whatever you do, don't walk on the grass," the 
guide told us. WARN 


5 "Stop smoking at once!" the curator shouted at 
Lennie. ORDER 
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LISTENING USE OF ENGLISH 


You are going to hear the curator of a museum 
talking about some of the exhibits. Listen to her and 
answer the questions below. 


1 Complete the table. 


2 We can understand from the curator tha t 
A the tourists are late. 
В the weather is poor. 
С it is fine. 


3 The museum 
A sometimes can't find out what objects 


were used for. 
В has some exhibits tha t are still used. 
С eventually manages to find out what objects 


were used for. 


4 Which of the pictures is object two? 


5 Which of the pictures is object three? 


6 According to the curator, men who went poaching 
A were brave. 
В did it for sport. 
С risked deportation. 


Complete the passage about King's College 
Chapel by using one word only for each space. 


King's College Chapel 


The chapel, set in the 
grounds of King's 
College, by the River 
Cam, is (1) 
question the most 
beautiful building in 
Cambridge. It is over 
five hundred years 
old and is a 
magnificent (2) 
of late medieval 
architecture. It can 
best be appreciated 


in spring, from the back of the college, when the 
daffodils are out. 


It was begun by King Henry VI in 1446, but 
was not completed (3) the following century. 
This probably explains the use of different 
(4) of stone in its construction. The exterior 
is (5) elegant combination of stone and 
glass. We can best admire its beautiful stained-
glass windows (6) the inside. It (7) 
craftsmen from Belgium over 30 years to put 
them in. 


We can (8) see The Adoration of the Magi, 
an imposing painting by the artist Peter Paul 
Rubens, (9) was given to the chapel 
(10) 1961. The painting (11) the three 
wise men with the baby Jesus in the stable at 
Bethlehem. The chapel is also famous (12) 
its choir of boy singers and the regular recitals it 
(13) At Christmas, people (14) in the 
cold for hours to get a place for the carol concert 
which is broadcast (15) over the world. 


WRITING 


Write a description in 120 -180 words of an 
historic building in your town or region. 


Say where it is and the best place to view it from. 
Say something about its history and construction. 
Say what special events were/are associated with it. 
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PRESERVING THE PAST 


FIRST THOUGHTS 


Look at these statements and decide whether 
they are True or False for you. Then compare your 
answers with a partner. 


1 They used to make things much better in the old 
days. 


2 I would rather drive an old Jaguar than a brand 
new BMW. 


3 I would rather live in an old house than a new one. 
4 People worry too much about preserving old things. 
5 Artists these days just don't know how to paint. 


VOCABULARY 


J. Complete these sentences by using the 
adjectives in the box. 


1 They have a beautiful writing desk; it must 
be three hundred years old. 


2 Oh Dad! Why do you have to wear such 
clothes? How long have you had them? 


3 You can't use this ticket, madam. It's 
4 Greece has many monuments. 
5 Buy a(n) car if you can't afford a new one. 
6 She drives a(n) Rolls Royce from 1943. 


LISTENING 


old-fashioned 
second-hand 


antique vintage 
out of date ancient 


2i Complete the sentences using a word based 
around heir/inherit. 


1 When his mother dies he will a fortune. 
2 Prince Charles is the to the throne of 


England. 
3 Monuments and parks are all part of our 
4 He wasted his on gambling and fast cars. 
5 This silver teapot is a family It has been 


in the family for five generations. 


Listen to Matthew talking about a clock which 
is a family heirloom and decide if the following 
statements are True or False. 


1 The clock reminds him of Big Ben. 
2 He knows exactly when it came into his family. 
3 He remembers the full name of its maker. 
4 It was made in 1776. 
5 He used to love hearing the clock when he was 


small. 
6 The clock reminds him of his grandfather. 
7 He thinks it is a little bit ugly. 
8 He might inherit the clock one day. 


LANGUAGE STUDY 


Describing objects 


1 Made of, from or w i th 


Look at this entry from Right Word, Wrong Word by 
L.G. Alexander and decide if the sentences which 
follow are correct. Where necessary make alterations. 


made of/out of * made from* made with 
Beer is made from hops and other ingredients, (not 
'''made of I out of) 
(made from when the ingredients aren't immediately 
obvious.) 
-Our new garden gate is made of/out of wrought iron. 
(Not *made from''1') 
(made of/out of when we can recognise the material) 
-This cake is made with fresh cream. 
(made with = using; compare filled with containing. 


1 This skirt is made from wool. 
2 They had to drink coffee made from nuts. 
3 The costume was made from an old pair of her 


father's pyjamas. 
4 Water kept in bottles made with plastic tastes 


horrible. 
5 Cider is a drink made from apples. 
6 This table is made from an old wooden door. 
7 This stew is delicious. Is it made of beef? 
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2 The order of adjectives 


It is about eight feet tall, I should think. It's made of beautiful dark brown oak which is 
shiny from being polished. At the top there's a squarish box with a round face inside. It's 
covered in gold leaf and is decorated with carving. It really is a lovely old object. 


The rules for adjective order are complicated and few people agree about them. 
However, adjectives which describe the purpose of an object always go directly before the 
noun. 


Example: 
a superb 
OPINION 


silk 
MATERIAL 


wedding 
PURPOSE 


dress 
NOUN 


silver silk square old eighteenth-century rare long unique shiny decorated 
cotton wonderful French awful Japanese ivory oval fascinating smooth huge 
old-fashioned English ugly ancient small round jade rough carved priceless 


4 It can seem awkward to have more than two or three adjectives before the noun. We 
can avoid this by moving some of the information to follow the noun. 


noun + wi th + e.g. carving I decorations 
noun + made of/from + material 


noun + from + country of origin 
noun + clause, e.g: which was beautiful 


In pairs or groups, describe an object which is special to you or your family. Don't forget 
to explain why it is important. 


WRITING Lady Ffoulkes-Bracknell's house has been burgled! Lots of her most precious things have 
been stolen. She has made a list of the stolen property but is still too upset to write a 
letter to Scotland Yard. Using the notes below, write the letter on her behalf. 
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VOCABULARY Re-arrange the jumbled letters to form words connected with painting and art. 


1 There is an NOBIXEHITI of Picasso's work I would very much like to see. 
2 The YELGALR is closed this month for repairs. 
3 The artist mixed the paint on her ALEPETT and then placed the paint on the 


SAANCV with a thick SUHBR. 
4 I don't like TABSRATC art very much. I prefer to know what I'm looking at. 
5 The RAEFM is more interesting than the picture! 
6 Old Masters such as Rembrandt and Breughel painted in ILOS. Some people say 


that ETRLOWACROUS are more delicate. 
7 This is a fine ATORRIPT; the artist has caught her character perfectly. 
8 There was an enormous LNACDPSAE of a hunting scene on the dining room wall. 
9 Rodin is a OTCUSPLR who is much admired. 


10 At the top of the steps, there used to be a big marble TUATSE of a man on a horse. 


SPEAKING 
Describing a painting 


1 In Part 2 of Paper 5 (Speaking) you are required to look at a pair of photographs. It 
can be useful to know how to describe and speculate about a picture for this part of the 
examination. Study this painting carefully and then read what a student said about it. 


This is a painting of 
the countryside. In 
the front of the 
picture I can see 
two girls. They look 
very poor. They are 
wearing old clothes 
Maybe they are 
sisters - I am not 
sure. Behind them 
there is the 
countryside. 
Maybe it is 


England. It looks like England very much. Typically English, I 
think. I think that maybe it has rained because I can see a lovely, 
urn , rainbow, it is called, in the sky. I can see some animals in 
the fields behind the girls. The smaller girl is saying the other 
one something about the rainbow. It is a nice picture. It has 
been painted maybe a hundred years ago. One of the girls has 
got a musical instrument with her. Wait a minute! I think she is 
blind and the small girl is taking care of her. 


2 In pairs or small groups, discuss how you could improve the student's description. 
Think about 


1 any obvious mistakes that have been made. 
2 what you can say instead of/ can see.... and maybe. 
3 what special words to describe paintings you could introduce. 
4 what you could add to the description to make it more interesting. 
5 how you could join up the observations better. 
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LISTENING Listen to a native speaker talking about the picture by John Millais and answer the 
questions. 


1 What words and expressions does she use 
A instead of 7 can see and maybe? 
В to describe the position of objects within the picture? 


2 What extra subjects does she include in her description? 
3 How does she move away from the picture? 


WRITING In Part 2 of Paper 2 (Writing) you may be asked to write a description of something. 
Study this example. 


One of my favourite paintings is The Fall of Icarus" by Peter Breughel If you remember, Icarus 
and his father made themselves wings and learned to fly. Icarus ignored his father's warnings 
and flew too near the sun. This melted the wax which held the wings to his body so he fell into 


the sea and drowned. 


What is so interesting about this painting is t h a t everyday life is going on while this 


disaster is happening. In the foreground there is a farmer totally unaware of what has j u s t 


taken place. He concentrates on ploughing his field. Just behind him there is a shepherd boy 
looking up at the figure in the sky perhaps wondering what on earth it can be. Behind him, the 


cliffs curve away into the distance. In the background we can see the rest of the bay and a 
few boats. 


In f a c t you have to look quite hard to see poor Icarus who is in the bottom right-hand 


part of the picture. You can see a splash and a pair of white legs sticking up as he 


disappears beneath the sea. Perhaps someone on the boat saw him, but I doubt it. 


In a way it's strange that the artist didn't put Icarus in the middle of the painting. I 


suppose what he is saying is t h a t "great" events often go unobserved and perhaps that life is 


more than a l ittle absurd and ridiculous. What's more, it reminds us t h a t we are the victims of 


our pride. Every powerful person or politician should have th is picture in their office. 


Now write about a picture you know well in the same way. Your composition must be 
between 120 -180 words. 
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FIRST THOUGHTS Complete this questionnaire. If you wouldn't make any of the choices suggested, then add 
one of your own. 


I You can hear a terrible noise coming 
from your neighbour's house. It sounds as 
though he's murdering someone. Would 
you 


a do nothing? 
b call the police? 
с go round yourself and see 


what was happening? 
d 


2 You discover a way of making free 
telephone calls anywhere in the world. 
Would you 


tell all your friends? 
keep the secret to yourself? 
inform the telephone 
company? 


3 Imagine you're a shop assistant and you 
notice one of your colleagues stealing from 
the till. Would you 


say nothing? 
tell the person to stop or 
else? 
inform the boss? 


4 While you are parking your car, you 
accidentally scratch the paintwork of a new 
car next to you. Would you 


a leave a note for the owner 
of the other car? 


b hurry off? 
с park as though nothing had 


happened? 


5 You are staying in an elderly woman's 
home when you notice a painting on the 
wall. She doesn't know that it is a 
Rembrandt. Would you 


a buy the painting for as little 
as possible? 


b tell her what the painting 
was worth? 


с offer her a fair price but not 
tell her everything? 


6 A tramp smelling of alcohol asks you for 
money. Would you 


a give him some knowing he 
will spend it on alcohol? 


b buy him a meal or a 
sandwich? 


с refuse to give him any? 
d 


7 Your best friend's boyfriend/girlfriend 
invites you out for a date. Would you 


a refuse the invitation and tell 
your friend? 


b accept the invitation and 
keep it a secret? 


с refuse it and say nothing? 
d ... 


8 Somebody pays you in cash for doing a 
job. Would you 


a declare it to the taxman? 
b keep the money without 


declaring it? 
с not declare it but give the 


customer a discount for 
cash? 


d 


Compare the results of the questionnaire with a partner. 
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VOCABULARY 


Phrasal verbs 


Replace the words in brackets with a phrasal verb 
from the box. Make any other changes which are 
necessary. 


The police are 1 (investigating) an incident which took 
place this afternoon. Two masked men 2 (robbed) a 
security van outside the national bank and 
3 (escaped) with half a million pounds. Their getaway 
car 4 (knocked down) one of the guards as they 
5 (went towards) the motorway. 


She had 6 (invented) a wonderful alibi and managed 
to 7 (make everyone believe her lies). The police only 
8 (discovered) the t ru th because a jealous lover 
9 (betrayed her) to the police. 


The children are suspiciously quiet. I wonder what 
they are 10 (doing)? I think I'll go and have a look. 


He 11 (lost control of his emotions) and cried. He 
confessed everything to his father. His father 
12 (didn't punish him) because he believed the boy 
was genuinely sorry. 


The alarm bell 13 (started to ring) when the gang 
tried to 14 (enter) the bank. 


find out look into run over go off get away 
break down hold up be up to break into 
make for let off make up take in give away 


Different types of crime 


1 What are the crimes described in these situations? 
The words are given in the box. 


1 He threatened to send the love letters to her 
husband unless she gave him £500. 


2 The telephone box had been smashed and there 
was graffiti all over the walls. 


3 An old man has been attacked and robbed in a 
city street. He is recovering in hospital. 


4 Department stores lose millions of pounds each 
year through goods being stolen off the shelves. 


5 Thieves broke into the house while the family was 
away on holiday. 


6 The young woman was sexually attacked as she 
walked across the park at night. 


7 He watched with satisfaction as the fire he lit 
burnt down the factory. "That'll make them wish 
they'd never given me the sack," he thought. 


8 It was a perfect copy. It was so good, in fact, that 
it could even fool an expert. 


9 The bank believed her to be trustworthy. They 
had no reason to suspect that she had transferred 
thousands of pounds to false accounts. 


10 "If you want to see your child again, put £10,000 
into an old suitcase and wait for further 
instructions." 


11 George gave the man £50 in return for a small 
packet of heroin. 


12 It was a beautiful day. The sun was shining and 
people were sitting outside the cafe enjoying the 
sunshine. Then the bomb went off. 


13 "If only I hadn't brought those watches through 
customs," she thought as she sat crying in the 
police station. 


burglary arson vandalism terrorism forgery 
blackmail smuggling fraud mugging rape 
kidnapping drug dealing shoplifting 


2 What do you call the criminals who commit the 
crimes above? 


What verbs can be made from the list of crimes? 
Example: burglary -> burgle. 


What do we have to do if a verb cannot be made from 
the word for the crime? 


SPEAKING 


1 Decide individually which you think the 
three worst and three least serious crimes are from 
the list, then compare your answers with a partner. 


2 Which of the crimes is the most common in your 
country? 
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SPEAKING 


A QUESTION OF JUDGEMENT 


"Sometimes crimes are so terrible that the death penalty is the only suitable punishment.' 
How far do you agree with this opinion? 


1 Work in pairs. Student A look at pictures 1 and 2; Student В look at pictures 3 and 4. 
Think about what your photographs show. How do they make you feel? Discuss your 
reactions with your partner. 


2 In Part 3 of Paper 5 (Speaking) you may be given some kind of problem to solve. 
Look at the following situation and, in groups of three, discuss the task. 


You are on the parole board of a prison which is so overcrowded that you must release two 
prisoners. From the photographs and notes decide who you should set free. 


Alan Jones: Murder. 
Poisoned wife slowly. 
Neighbours say nice 
man; children love him. 
Wife had lots of affairs. 


Janet Green: 
Shoplifting, 10th 
offence. A tramp. Likes 
to spend winter in 
prison. 


Miranda Morgan: 
Drug addict and dealer. 
Two unsuccessful drug 
treatment programmes. 
Two-year-old child. 


Mick Brown: 
Vandalism and football 
hooliganism. Low 
intelligence. Violent 
when drunk. 


Cynthia Carter: 
Smuggling pet cats 
against quarantine 
regulations. Customs 
officers want an example 
made of her. 


FIRST THOUGHTS 
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3 In Part 4 of Paper 5 (Speaking) the interlocutor 
(the examiner who asks the questions) will ask you to 
develop the conversation you began and to report 
back on what you decided. Listen to Anna and Bruno 
talking to each other and the examiner. 


1 Who do they each believe should be freed? 
What reasons do they each give? 


2 How fluent are they? How well do they 
communicate their ideas? 


3 What questions does the interlocutor ask to keep 
the conversation moving? 


4 Look at the tapescript on p. 233 and correct any 
obvious mistakes Anna and Bruno have made. 


How could you improve what they actually say? 


4 Choose one person in your groups of three to be 
the interlocutor. Role play a discussion like the one 
you have jus t listened to, based on what you said in 
Exercise 2. 


USE OF ENGLISH 


1 
1 Now complete this text using one word only 
for each gap. 


A blind bank robber who was desperate for money 
was (1) a 12-month suspended sentence 
recently. David Worrell had just put his white stick 
on the counter before (2) a note to the cashier 
saying he (3) shoot her if she did not hand over 
the cash. The court heard that Worrell had lost his 
previous job (4) of his condition and had been 
turned down for many (5) 


Worrell, who pleaded guilty to attempted robbery, 
had queued up and passed a note demanding £2000. 
He (6) to use the money to start his own disco 
business. The cashier sounded the alarm and refused 
to hand over (7) money. Even if he had got 
(8) , a young blind person would (9) been 
easy to identify. When he tried to escape, he walked 
straight into the bank's glass doors (10) than 
through them. He was arrested. Between the incident 
and his trial, Worrell had succeeded (11) 
starting his own successful discotheque. The judge 
said, "This sort of offence would (12) result in a 
substantial term of imprisonment. You are a man of 
good character, with an (13) severe physical 
disability but (14) this you have been 
(15) to generate a prosperous business." 


2 Complete the text by deciding which word А, В, С 
or D best fits each space. There is an example at the 
beginning (0). 


Even though the crime (0)rate. keeps going up, 
society is soft on criminals. People who have 
(1) major crimes and even murderers 
sentenced to (2) are often released after 
serving just part of their sentence. Everyday 
(3) crime is destroying the (4) of life of 
many people, particularly in city areas. (5) you 
look there are examples of graffiti and mindless 
vandalism. Personally, I have had my car (6) 
into twice in the last three months. As far as I know 
the police are not looking into (7) of the crimes. 


Even when a friend recently caught a young thief, 
the police (8) him off with a warning because of 
his age. Doubtless, the child in (9) , thinking he 
has got (10) with one crime, will be (11) 
to try another. Yet if you or I park our cars in the 
wrong place or exceed the speed limit slightly we 
have to pay a (12) I know it's important to 
(13) into account the age of criminals. I also 
know that upbringing and drugs are (14) for 
many crimes. All the (15) , the lives and rights 
of the victims of crime should be considered too. 


0 A numbers В wave С rate D figures 
1 A committed В done С completed 


D made 
2 A live В living С life D lifetime 
3 A little В petty С small D major 
4 A standard В cost С level D quality 
5 A Wherever В Forever С However 


D Whatever 
6 A looked В turned С broken D made 
7 A both В any С either D none 
8 A set В allowed С let D got 
9 A mind В trouble С discussion 


D question 
10 A on В up С off D away 
11 A attempted В dared С tempted 


D threatened 
12 A fee В caution С ticket D fine 
13 A take В put С make D carry 
14 A guilty В responsible С faulty D cause 
15 A time В while С same D better 
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A LIFE OF CRIME 


FIRST THOUGHTS Comment on the situations A-D with an appropriate idiom 1-4. 


1 A Uncle Bill caused a great scandal a few years 
ago so we made him go to another town. 


В They saw him climbing out of the bedroom 
window with the jewels. 


С Every time he promises he'll "go straight" and 
every time he lets us down. He just can't help it. 


D I wouldn't trust him if I were you. Even though 
he seems kind and innocent, he'll take 
advantage of you. 


1 What do you expect? After all, a 
leopard never changes its spots. 


2 I always thought he was a 
wolf in sheep's clothing] 


3 There is always someone who is 
the black sheep of the family. 


4 Really, so he was caught red-
handed? 


2 How true do you think it is that "a leopard never changes its spots"? 


READING 1 Before you read the article about Rose Jones, look at her photograph and describe her 
in as much detail as possible. Then read the article and answer these two questions. 


1 What reason does she give for her life of crime? 
2 Do you think her reasons are, in fact, reasonable? 


2 Now read the article again. Seven sentences have been removed from the article. 
Choose from the sentences A-H the one which fits each gap (1-6). There is one extra 
sentence which you do not need to use. There is an example at the beginning (0). 


A Rose thinks it is time 
she turned over a new 
leaf. 


В Hunger drove young 
Rose to steal food and 
she quickly graduated to 
picking pockets. 


С It was to be the first of 
many such visits. 


D She lives in a damp, 
uncomfortable basement 
bedsit with no heating 
and no company except 
for her dogs and cats and 
the TV. 


E Instead, she was given 
life imprisonment. 


F She remembers taking a 
lipstick and a five pound 
note from some guests' 
luggage. 


G She should have tried 
robbing banks. 


H Her crime has been 
pickpocketing. 


14; 
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LANGUAGE STUDY 


Conditional sentences using if 


1 If Rose's mother hadn't died when she was small, 
her life would have turned out differently. 


Correct these sentences. 
1 First condit ional: If it will rain, we will not play 


tennis. 
2 Second condit ional: If he would have a haircut, 


he would look nicer. 
3 Third condit ional: If she had have phoned you, I 


would have told you. 


2 Which sentences 1-5 express the ideas A-E? 


A something quite likely to happen in the future 
В an unreal situation in the past 
С something in the past that affects the present 
D an established fact 
E something possible but unlikely 


1 If you heat water to 100 degrees centigrade, it boils. 
2 If he studies hard, he will pass the exam. 
3 If you smoked less, you would save a lot of money. 
4 If I had kept the receipt, I would change the tie. 
5 If I had seen her, I would have remembered. 


3 Change the verbs in brackets into the most 
appropriate form to make conditional sentences. 


1 What you (do) if you (be) in my situation? 
2 Behave yourself,Lucy. If you (do) that again you 


(have) to go to bed. 
3 Their marriage only lasted three months. If he 


(be) less mean, she (not leave) him. 
4 Good, everybody's ready. If we (leave) now, we 


(miss) the rush hour traffic. 
5 If you (smoke) less, you (have) a lot more 


money. But I don't think you ever will. 
6 If we (close) the car window, we (not give) them 


the opportunity to break in. 
7 When Alice (get) here, you (show) her to her 


room? 
8 I know it's a delicate situation, Inspector, but 


what you (say) if I (give) you a little present? 
9 If you (press) that button, a receptionist (come) 


to help you. 
10 The film was marvellous. If you (come) with us, 


you (enjoy) it too. 
11 Imagine, darling. What we (do) if your husband 


(have) a little accident? 
12 If I (be) the prime minister, I (bring back) 


capital punishment. 


PRONUNCIATION 


1. How do we say the following sentences in 
normal speech? 


1 I will do it if you want me to. 
2 If he had not come, we would have had a good 


time. 
3 If I were you, I would see a doctor. 
4 If only I had not said it! 


What do we have to contract? 
Which parts of the sentence should be stressed? 


2 Listen and identify which conditional 
construction is being used in the eight sentences. 
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LANGUAGE STUDY LISTENING 


Verbs followed by prepositions 


1 Rose's mistress accused her of stealing. 
Complete these sentences of verb-preposition 
combinations. 


2 Make all the changes necessary to produce past 
tense sentences from the following sets of words and 
phrases. Make sure that you choose the correct 
prepositions to go with each verb. 


1 Her employer - accuse - her - steal - money. 
2 Rose - blame - parents - not - bring her up -


properly. 
3 His mother - punish him - be rude - to their 


neighbour. 
4 The lock - prevent - burglar - break into - house. 
5 The jury - convict him - murder - his wife. 
6 The shopkeeper - forgive - child - steal - sweets. 
7 His son - be - arrest - sell drugs - to teenagers. 
8 Her nephew - be - discouraged - talk - the police. 
9 The judge - congratulate - police - catch - gang. 


10 She - warn - children - play - park - after dark. 


"Would you say your husband had any 
Swiss enemies'?" 


Listen and choose the best answer А, В or С to 
each question. 


1 You overhear a teacher discussing a pupil with a 
colleague. The teacher feels 
A ashamed. 
В amused. 
С angry. 


2 You are in a solicitor's (a lawyer's) office when he 
plays back a message left on his answering 
machine. The message is from 
A a friend. 
В a person with a complaint about a client. 
С a client. 


3 A magistrate has just heard a case in which a 
youth has committed some driving offences. As a 
punishment she decides to give him 
A a prison sentence. 
В a fine and special supervision. 
С a heavy fine and a severe warning. 


4 You are in a library when you overhear one side of 
a telephone conversation. The librarian is talking 
about 
A trees. 
В organising a demonstration. 
С protecting an old building which is under threat. 


5 You are at Mrs Williams' house when one of her 
daughter's friends arrives on his bicycle. What does 
he do with it? 
A He brings it into the house. 
В Не leaves it outside. 
С Не goes back home for the lock. 


6 A landlady is speaking to a student in a student 
hostel. The student has to 
A make a promise. 
В look for somewhere else. 
С smoke outside. 


7 You are listening to a radio programme about a 
couple who live next door to noisy neighbours. The 
husband agrees to 
A call the police. 
В confront the neighbours. 
С put up with the noise. 


8 A manager is briefing a new store detective in his 
department store. He tells him to 
A be firm. 
В chase anyone who tries to escape. 
С be ready to argue his case. 
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LANGUAGE STUDY 


Ways of saying if 


Look at the tapescripts on p.233-234. You will see that 
four ways of saying if have been underlined. 
Complete the sentences using each of the ways once. 


1 We'll have a picnic , of course, it rains. 
2 I'll go he goes too. 
3 I'll take you to the airport you pay for the 


petrol. 
4 You'd better hurry you'll miss your train. 


• Which form has the idea of "if not"? 
• Which form is followed by a consequence? 
• Which two forms are followed by strong conditions 


and mean "provided that"? 


Forms of w i s h 


1 Study the questions which follow each of these 
examples. 


1 I wish I had a million pounds. 
a Is the speaker talking about the past, present or 


the future? 
b Does the speaker think he/she is likely to have a 


million pounds? 


2 I wish I had blue eyes. 
a Is the speaker talking about the past, present or 


future? 
b Is the wish unlikely or impossible? 


= We use w i s h + past s imple when we want 
something in the present to change. Such a change is 
either unlikely or impossible. 


3 I wish I had worn gloves. 
a Did the speaker wear gloves? 
b What do you think happened to him/her? 


= We use w i s h + past perfect when we regret in the 
present what we did in the past. 
Note: We can often use if only instead of I wish, e.g. 
If only I'd worn gloves. 


4 7 wish he would stop smoking that awful pipe. 
a Is the speaker talking about the present, the 


future or both? 
b Does the speaker really believe he will stop? 
с How does he/she feel about the situation? 
d Can we use this construction to talk about 


ourselves? 


5 I wish the train would come, I'm freezing to death. 
a Is the speaker talking about the present, the 


near future or both? 
b Does the speaker want the train to hurry up? 
с Does the speaker really believe the train will 


arrive soon? 


= We use w ish + would either when something is 
annoying us and we would like it to stop, or when we 
want something to happen sooner rather than later. 


6 I wish I could swim. 
a Can the speaker swim? 
b Would the speaker like to? 


= We use w ish + could when we want to talk about 
an ability. 


2 Look at the tapescripts on p.233-234 and, in pairs, 
decide how w ish is used on each occasion. 


3 What might you say if you were the people in the 
following situations? Make sentences using one of the 
forms of w ish we have looked at. 


1 Liz is unhappy because she has got a small flat. 
2 Alex is trying to lose weight but his diet hasn't 


made any difference. 
3 Thieves have stolen Candy's fur coat. It wasn't 


insured. 
4 You work with someone who whistles horribly all 


day long. 
5 Anita drank too much again last night. She has got 


a terrible hangover. 
6 She wants to take the top off a bottle of aspirin but 


she can't open it. 
7 Katie is sitting by the telephone. She is waiting for 


Angus to ring. 


4 Write some sentences about yourself using each of 
the forms we have looked at. 


"Look, lady, all the wishing in the world isn't 
going to change anything." 
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ROUGH JUSTICE 


USE OF ENGLISH 1 Read the text and discover what the miscarriage of justice was. 


2 Now complete the text by changing the word in capitals at the end of the line into a 
suitable form to fill the gap. Remember to ask yourself first what part of speech the word 
should be. There is an example at the beginning (0). 


In 1974 five people died in an IRA (0)terrorist. bomb attack. The TERROR 
police were under enormous pressure to catch the criminals. 
Desperate to solve the case, they (1) forced confessions from FAIR 
four ordinary and (2) Irish people. POWER 


Despite the (3) of the evidence against them and the WEAK 
(4) of their confessions, they got long sentences, capital RELY 
(5) having fortunately been abolished. PUNISH 


The (6) to the bombings by other IRA prisoners was not ADMIT 
enough to prove their (7) It took a fifteen-year campaign to INNOCENT 
overcome the (8) of the judicial system to admit its WILLING 
(9) terrible mistake. Even though the five people received FRIGHTEN 
compensation, nothing can pay them back for fifteen wasted years. 
This story is one of the most (10) episodes in British justice. SHAME 


LISTENING 
You are going to listen to three friends discussing the issue of crime and punishment. 
Answer the questions by writing I (for Ian), С (for Christine) or V (for Victor). 


1 Who explains what rewarding crime means? 
2 Who makes excuses for young criminals? 
3 Who says punishment is as important as rehabilitation? 
4 Who says they don't agree with corporal punishment? 
5 Who believes prison is bad for criminals? 
6 Who is in favour of capital punishment? 
7 Which person has changed their mind about capital punishment? 


USE OF ENGLISH 
Complete the second sentence so that it has a similar meaning to the first. You must use 
between two and five words including the word given. Do not change the word given. 
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1 He managed to trick them with his lies. 
taking 
He succeeded with his lies. 


2 They said the accident was her fault. 
responsible 
They held accident. 


3 Someone stole the jewels. Perhaps it 
was Paul. 
might 
The jewels by Paul. 


4 The jury decided he had murdered his 
wife. 
guilty 
The jury his wife. 


5 "Are you saying I stole your wallet?" 
accus ing 
"Are you your wallet?" 


6 I used to believe he was innocent. 
mind 
I've his innocence. 


7 Do you agree with long sentences? 
favour 
Are you long sentences? 


8 The policeman didn't arrest him 
because he knew his parents. 
off 
The policeman because he 
knew his parents. 


9 I regret driving so fast. 
only 
If so fast. 


10 You ought to lock the door. 


better 


You the door. 
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WRITING The opinion question 


1 Two students wrote answers to this question. 


It is often said that serious crime could be reduced if judges gave stricter sentences. How 
far do you agree with this view? 


Working in pairs or small groups, read both compositions and decide which one gives the 
better answer to the question. Decide which one has 


• the better ideas. 
• the better range of expressions. 
• the better vocabulary. 


2 Take the best elements from both compositions and write your own composition on the 
same topic. If you have any problems, refer to the composition work in Units 7 and 9. 







YOU CANT TAKE IT WITH YOU 


FIRST THOUGHTS 


What sort of people would make the following 
comments? How would you reply to them? 


1 "Ghosts and UFOs always have a logical 
explanation." 


2 "I always take my lucky elephant into an 
examination." 


3 "For every supernatural event there is a simple 
explanation." 


LANGUAGE STUDY 


LISTENING 


The Chaffin Will affair 


1 Listen to the story and find out what the 
connection is between a will, a coat, a Bible and a 
ghost! 


2 Listen to the story again and complete the notes. 


James Chaffin died in (1) He left all his 
money to his (2) , whose name was Marshall. 
The will had been written (3) 
Chaffin's ghost first appeared (4) 
It was wearing (5) Chaffin's ghost gave an 
instruction to his son on the (6) visit. 
The coat was with (7) ; the note was hidden in a 
(8) The Bible was looked at in front of 
(9) The will appeared genuine so Marshall 
(10) 


Relative clauses 


1 Relative clauses are used to join two ideas 
together in one sentence: 
James Chaffin was a wealthy gentleman. 
He died in 1921. = James Chaffin was a wealthy 
gentleman who died in 1921. 


The clause begins with one of these pronouns or other 
words: who/that for people; which/that for things; 
whose for possession; where for place; w h e n for 
time and why for reason. 
Look through the tapescript on p.234 and find the 
relative pronouns. 
Now connect these pairs of sentences using a relative 
pronoun. Make any other necessary changes. 


1 They looked in his overcoat. They found a letter in 
the lining. 


2 The will had been written fifteen years earlier. 
It was not his last will. 


3 They examined the Bible. They found another will 
in it. 


4 That's Marshall Chaffin. His mother and brothers 
weren't left anything. 


5 Chaffin left everything to Marshall. Nobody 
understood the reason. 


6 Chaffin's ghost appeared to one of his sons. This 
son will never forget the experience. 


2 Defining relative c lauses 


In defining relative clauses, the information which 
is given is essential to the meaning of the sentence 
and cannot be removed. It helps us to identify and 
define what we are talking about: 
The woman who said she saw a ghost is very reliable. 


Complete these sentences with a relative pronoun. 


1 That's the hotel I went on my honeymoon. 
2 So that was the reason they were late. 
3 She's the woman husband won the lottery. 
4 Is that the dog bit you? 
5 I can remember the time all this was forest. 
6 Are you the gentleman wanted more 


information about the trips? 


In defining relative clauses the pronouns who , 
which and that can be left out if they are the object 
of the verb in the relative clause: 
Would you like to borrow the book (which/that) I told 
you about last week1? 
That's the woman (who/whom) I met at the party. 


Can you think of a logical explanation for this story? 
Note: Whom is used in writing and in formal 
English rather than in everyday speech. 
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3 Look at these sentences and decide if the pronoun 
can be omitted. 


1 The woman who you met at lunch is my next door 
neighbour. 


2 The food which made me ill was badly cooked. 
3 The man who owns that house is a doctor. 
4 The university tha t she attended has a good 


reputation. 
5 That mistake which we discovered was important. 
6 Isn't tha t the girl who used to work in the cafe? 
7 Those cigars which Andrew smokes smell awful. 
8 The letter tha t arrived last night was for you. 


4 Non-defining relat ive c lauses 


Look at this pair of sentences. Which one suggests 
there is only one son? In which sentence is the 
information essential, i.e. defining? 
a The son, who received everything, was extremely 


selfish. 
b The son who received everything was extremely 


selfish. 


Non-defining relative clauses give additional 
information which is not essential to the main 
meaning of the sentence. They are used mainly in 
writing and are separated from the main clause by 
commas. Look at the tapescript on p.234 and search 
the text for non-defining relative clauses. 


Remember: 
• In non-defining relative clauses the pronoun cannot 


be omitted. 
• We cannot use the pronoun that in non-defining 


clauses. 


Join these sentences, adding commas where 
necessary. Omit the relative pronoun if you can. 


That's the woman. Her son scratched my new car. 
This is a photograph of the ghost. It was seen 
coming down the stairs. 
Stonehenge was built thousands of years ago. It 
was a miracle of engineering. 
It's a hard job. Not many people would choose it. 
This is the boy. I met him on holiday last year. 


5 Pronunciat ion of non-defining c lauses 


The speaker pauses before the clause and then says it 
faster t h a n normal but more quietly. This is because 
the information is unimportant or non-essential. 
Another reason is tha t he/she may think the 
information is already known by the listener. 


Listen to sentences 1, 2 and 3. Which one is being 
said, A or B? 


1 A The woman whose husband had died was rich. 
В The woman, whose husband had died, was rich. 


2 A Carole's daughter who lives in Scotland is a 
doctor. 


В Carole's daughter, who lives in Scotland, is a 
doctor. 


3 A This bible which was found in the keeping of 
Chaffin's widow was examined in front of 
independent witnesses. 


В This bible, which was found in the keeping of 
Chaffin's widow, was examined in front of 
independent witnesses 


In pairs, take it in turn to read the sentences. Your 
partner has to guess if you are saying A or B. 


6 Relative c lauses wi th preposit ions 


In speech we often put prepositions at the end of a 
sentence: 
He's the man I spoke to. 
She's the lady I received the present from. 


In writing and formal English it is more appropriate 
to keep the preposition between the clauses, and to 
use w h o m (for people) and wh ich (for things): 
He's the man to whom I spoke. 
She's the lady from whom I received the present. 


7 Relative c lauses wi th quantifiers 


Quantifiers - words such as some, all, none, both 
and numbers - can be used with of whom/of wh ich 
in non-defining relative clauses: 
She gave me the eggs, a few / several / most of which 
were broken. 
The students, both I some I all of whom had missed 
the train, finally arrived. 
He sent me some novels, three I none of which I had 
already read. 


8 Join these pairs of sentences using a relative 
clause and the written forms from 6 and 7. 


1 That's the woman. I spoke to her yesterday. 
2 Five students were asked. None of them knew the 


answer. 
3 We got a lift to the cinema. Without it we would 


have missed the beginning of the film. 
4 The guests arrived. They were all wearing their 


best clothes. 
5 He is the friend. I borrowed the car from him. 
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ANYBODY THERE? 


FIRST THOUGHTS Young children often have imaginary friends. Why do you think this happens? What 
qualities would you want an imaginary friend to have? 


READING 1 Doris Stokes was a famous medium. She claimed she was able to contact the spirits of 
the dead. Read her story quickly and find out 


1 how she felt about her imaginary friends. 
2 how her imaginary friends helped her. 
3 when she had her first psychic experience. 


Imaginary 
friends 
by Doris Stokes 


'My mother warned 
me that Yd end up in 
a mental hospital.' 


We have all heard of 
children who have 
imaginary playmates. I 


get lots of letters from parents 
about them and I always say the 
same thing: don't say there is no 
one there. What you are putting 
down to imagination could be a 
spirit child. 


One dad wrote to me to say he 
was getting very worried about 
his child. He told me his son had 
an imaginary friend called 
Robbie, and was forever saying 
things like, " Don't set off yet, 
Robbie's not in the car." 


I told him, "Your child can 
actually see that boy, love. Don't 
say anything. He'll either grow 
out of it and go on to more 
worldly things or he'll develop 
into a very good medium." 


I was about six or seven when I 
first saw the spirit children. I'd 
had rheumatic fever and had to 
be in a pushchair. I don't know 
how, but I knew that other 
people could not see Christopher 
and Pansy. I saw them a lot. And 
you know, I never could do 
maths - it was a mystery to me -
but Christopher and Pansy 
helped me pass my exams! 


So there's nothing frightening 
about children having imaginary 


friends, especially if they've 
been very close. I remember one 
little lad telling his mum, "You 
don't have to turn off the light 
tonight. Grandma will do it." 


His mum watched him go 
upstairs on his own that night 
and the lights went off! It scares 
the life out of some parents. But 
you just have to accept that his 
grandma loved him very much. 
She'd always tucked him in. It 
was a routine. 


Most children are psychic up to 
the age of 11 or 12. My first 
psychic experience happened 
when I was four. I woke up to a 
commotion outside in the street. 


There was a fire in the house 
nearby, and all the neighbours 
were crying. They kept saying 
"Poor Tom, what a terrible way 
to die." As I peered from 
between their legs, I saw a 
stretcher with little Tom on it, 
and Tom was also walking 
beside it. I told my dad I'd seen 
Tom and he said, "If you did, 
love, then you did." You see, I'd 
seen Tom's spirit walking beside 
him. 


My mother warned me that I'd 
end up in a mental hospital. I 
did. Nearly 40 years later I was a 
nurse in one! 
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2 Choose the best answer (А, В, С or D) to these 
questions. 


1 What does Doris say about imaginary playmates? 
A They are commonplace. 
В They are definitely imaginary. 
С They write letters. 
D There is no such thing. 


2 What is her advice to the father who wrote? 
A Tell your son Robbie doesn't exist. 
В Your son is a good storyteller. 
С It could be a stage he is going through. 
D Make a special place for Robbie. 


3 What was special about Doris's contact with Pansy 
and Christopher? 
A She only met them a few times. 
В She had been ill. 
С They ran and played together. 
D They helped her with her schoolwork. 


4 Children who have psychic experiences 
A are generally frightened by them. 
В often see friends. 
С either see friends or grandparents. 
D always see someone who's been close. 


5 What did the mother think when the light went 
out? 
A This is scary. 
В Grandmother always does it. 
С He's being naughty. 
D There's nothing to worry about. 


6 What does Doris claim about the psychic powers of 
children? 
A Children over 12 aren't psychic. 
В Children tend to lose their powers after 12. 
С Children are only psychic until 12. 
D A few children are psychic at some point. 


7 What happened after the fire? 
A Doris knew Tom wasn't dead. 
В She knew she had seen the fire before in a 


dream. 
С Her father had seen Tom's spirit too. 
D Her father said he believed what she told him. 


8 Doris' mother 
A thought Doris was going mad. 
В became psychic herself. 
С thought Doris was psychic. 
D knew Doris was going to become a nurse. 


VOCABULARY 


Ways of looking 


She peered through someone's legs. 
Using these dictionary definitions, complete the 
sentences which follow with a way of looking. 


gaze /geiz/ to look steadily, often with admiration 
peer /різ/ to look very carefully or hard, especially 
if it is hard to see 
look /luk/ to t u r n the eyes so as to see, examine or 


find something 
see /si:/ to use the eyes, have the power of sight 
stare /stes/ to look at someone or something without 
moving your eyes 
glance /gla:ns/ to give a rapid look 
watch /wDtf/ to look at some event or activity 


1 They sat on the bench and the tennis match. 
2 He quickly over his shoulder to see if anyone 


was following him. 
3 She wound down her car window and at the 


sign in the fog. 
4 Do you think you could at the engine for me? 


It doesn't seem to be working properly. 
5 Have you ever a ghost? 
6 The child at the woman's strange hat for a 


good five minutes. 
7 They stood on the hill and at the river. 


LANGUAGE STUDY 


Abbreviating clauses 


1 I'd seen Tom's spirit walking beside him. 


Study these two examples. What are the differences 
between them? 


1 We saw them. They were opening the door. 
-> We saw them opening the door. 


2 We saw a plane. It crashed into the mountain. 
-> We saw a plane crash into the mountain. 


2 Join these pairs of sentences in the same way. 


1 We felt the ground. It started to shake. 
2 Anna noticed a strange smell. It was coming from a 


cupboard. 
3 Did you hear their dog? It was barking all night. 
4 The police officer caught the thief. He was climbing 


through the window. 







FIRST THOUGHTS 


ITS YOU AGAIN! 


1 Some people and some religions believe in reincarnation. In other words, they believe 
that when people die their spirits are reborn in a different form. What do people in your 
class believe? 


Proving the truth of re incarnat ion 


Did you know?... 
• Hypnotism has been used to help people recall their past lives. Two of the most 


interesting cases concern Jane Evans and a woman called Dolores. 
• Jane claimed to remember seven lives including being a servant to one of the wives 


of King Henry VIII and a murder victim. 
• Under hypnosis Dolores took on the character of a German woman called Gretchen 


and spoke German even though she'd never used the language before. 


2 What is happening in the pictures? What is the connection with the notes in the box? 


LISTENING 


15; 


James, Malcolm and Yolanda are discussing reincarnation. Listen to their conversation 
and answer the questions by writing 


J (for James), 
M (for Malcolm) or 
Y (for Yolanda). 


1 Who is convinced that there is some t ruth in reincarnation? 
2 Who finds the evidence for reincarnation quite strong ? 
3 Who thinks that the use of hypnotism is ridiculous? 
4 Who is the first to suggest a logical explanation for Jane Evans's past lives? 
5 Who is interested in discussing other cases? 
6 Who thinks Dolores's knowledge of German is significant? 
7 Who thinks Dolores was trying to trick people? 







Beyond Belie/ 


PRONUNCIATION 


Rising intonation 


1 When James says he has been reading a book 
about reincarnation, Malcolm comments 
Reincarnation! Ah, you surely don't believe in that. 


Notice the way he says reincarnation. His voice 
rises. This tune is often used to express disbelief. 


Listen to the recording again and stop the cassette 
every time you hear this particular tune. Try to copy 
the intonation. 


2 Listen to these six phrases. Is the speaker 
showing surprise, showing disbelief or making a 
simple statement? Write S, D or ST. 


1 His own daughter. 
2 His own daughter. 
3 His own daughter. 
4 By car. 
5 By car. 
6 By car. 


LANGUAGE STUDY 


• • • • • • 


Inversion 


1 In the listening James says No sooner had she 
told the story than some archaeologists found the 
cellar. Notice that the sentence begins with No 
sooner. This is an adverb of negative force meaning 
'as soon as' or 'just after'. 


Look at these pairs of sentences. All the В sentences 
have an adverb of negative force at the beginning. 


1 A As soon as she had told the story some 
archaeologists found the cellar. 
No sooner had she told the story than some 
archaeologists found the cellar. 
She not only made a lot of mistakes but she also 
avoided using verbs. 
Not only did she make a lot of mistakes but she 
avoided using verbs. 
Shortly after she told them her tale they 
discovered the skeleton. 
Hardly had she told them her tale than they 
discovered the skeleton. 
We had never seen such a thing before. 
Never before had we seen such a thing. 


В 


2 A 


В 


3 А 


В 


4 A 
В 


2 Now answer these questions about the pairs of 
sentences in Exercise 1. 


1 What difference in meaning, if any, is there 
between the sentences in each pair? Which is more 
dramatic/emphatic? 


2 What happens to the subject and auxiliary verb in 
the В sentences? What other elements do we need 
to include with some of the forms? 


3 When do you think we would tend to use the В 
forms more: in speech or in writing? 


4 Which part of the В sentences would normally be 
stressed? 


Note: In Unit 2 we saw that inversion is used when 
we make short replies. 
Example: A: I like chocolate. B: So do I. 


3 Re-formulate the sentences, beginning with the 
adverbs in brackets. Make any other changes that are 
necessary. 


1 The moment she arrived she started to complain. 
(No sooner) 


2 He both sings and dances. (Not only) 
3 I had never eaten such an awful meal. (Never) 
4 When the match started, fighting broke out. (No 


sooner) 
5 The moment I got into the bath the phone rang. 


(Hardly) 
6 It was the most wonderful book I have ever read. 


(Never) 


WRITING 


Compulsory letter 


You decided to go on a short break to The White Horse 


Hotel. Unfortunately nothing was as you had been led 


to expect. Using the notes, write a letter to the hotel 


manager about the night you spent there. 


Notes Bathroom: no soap I towels. 
Food was terrible! Worst meal ever! 
Went to bed - noisy, bed uncomfortable. Fell asleep at 
two o'clock. Moment fell asleep, woke up again. 
Terrifying noises from ghost - not friendly at all. 
Shook chains and made terrible groans. 


153 







CHILLING TALES 


FIRST THOUGHTS 


1 Which book, film or story has most frightened 


you? 


2 What elements are important for an exciting 
supernatural story? 


VOCABULARY 


Extreme adjectives 


X In the discussion about reincarnation on p. 152, 
James says There are some fascinating stories in this 
book. 


Fascinat ing means very interesting. In this box 
there are other pairs of adjectives with similar 
meanings. Match them up. Can you think of any other 
pairs of adjectives that are like these? 


gorgeous cold boiling huge starving tiny 
big terrified tired fascinating sure 
frightened interesting hungry bad positive 
freezing awful wonderful exhausted small 
hot beautiful good 


2i Look at the sentences and decide which are right 
and which are wrong. 


1 It's very cold. 
2 It's very freezing. 
3 It's absolutely freezing. 
4 It's absolutely cold. 
5 It's really cold. 
6 It's really freezing. 


How can we modify ordinary adjectives like cold and 
extreme adjectives like freezing? 


3 Complete these sentences using an appropriate 
adjective from the box above. 


1 After the walk, we were as we had not 
eaten all day. 


2 The room was really He had to stand on 
the bed to close the door. 


3 Can you close the door? It's in here ! 
4 Don't eat in that restaurant. The food is 
5 "You look great after your holiday!" "Yes, I feel 


6 He was so when he saw the spider that he 
fainted. 


7 What a(n) dress! It's the most beautiful 
one I've ever seen. 


8 The book was so that she read it in one go. 
9 They live in a(n) house. It's got ten 


bedrooms and six bathrooms. 
10 I didn't sleep at all last night. I feel totally 
11 I'm absolutely he used to be a policeman. 
12 I'm not really very I had a big breakfast. 


4 Anna is asking questions. Listen to how Martin, 
who always exaggerates, replies. 


ANNA: Are you cold? 


MARTIN: COLD? I'm absolutely freezing. 
ANNA: IS that an interesting book? 
MARTIN: Interesting? It's absolutely fascihating. 
ANNA: Was the film bad? 
MARTIN: BAD? It was absolutely awful. 
ANNA: Are you tired? 


MARTIN: TIRED? I'm absolutely exhausted. 


1 What happens to Martin's voice when he repeats 
the adjective in Anna's question? How does he 
pronounce the extreme adjective in the answer? 


2 Listen again and copy Martin's intonation as 
closely as you can. 


3 Working in pairs, take it in turns to practise the 
questions and replies. Then invent further 
exchanges using other extreme adjectives. 







Beyond Belie/ 


WRITING The mysterious hitchhiker 


In Unit 4 we looked at telling a story. Here is some more practice. 


1 Read the two versions of the same story and note what the differences between them 
are. Think about vocabulary, grammar and style. 


2 In pairs, write the end of the second version of the story, using words and expressions 
you have learnt in this unit. 


3 Write a composition on this subject. You were walking through the countryside one 
day with a friend when you came across a ruined mansion. Describe what happened. 155 







USE OF ENGLISH 1 Read the text below and decide which word А, В, С or D best fits each space. There is 
an example at the beginning (0). 


We were watching TV (0).when.. we heard a lot of barking coming from our kitchen. 
There, we came (1) Jasper, our dog, throwing a furry bundle around the room. This 
turned (2) to be Flopsie, the pet rabbit (3) to the children next door. We had 
already been in (4) with our neighbours as Jasper had dug up half of their garden. 
Jasper had obviously broken (5) the rabbit's hutch and killed it. 


We knew that the neighbours were out and that we had to (6) quickly. I gave 
Flopsie a soapy bath and my wife dried and brushed its fur (7) it looked as good as 
new. Making sure the coast was (8) , I jumped over the fence and placed Flopsie 
lovingly in its home. Ten minutes (9) we heard the Greenaway's car come back and 
sat in our kitchen (10) with anticipation. 


All of a sudden, there was a loud (11) of terror from outside. Naturally, we could 
not (12) it and went out with a look of concern on our faces. Mrs Greenaway stood 
white-faced (13) the fence with Flopsie in her arms. "What's the (14) ?", I 
asked. "Is anything wrong with Flopsie?" "Flopsie's dead," she cried, "but what is 
extraordinary is that we (15) her last week!" 


0 A as В while С when D that 
1 A across В into С out D up 
2 A off В out С into D down 
3 A possessed В owing С owned D belonging 
4 A problems В argument С trouble D difficult 
5 A up В into С off D with 
6 A act В make С perform D behave 
7 A during В once С until D that 
8 A empty В free С clear D open 
9 A afterwards В ago С after D later 


10 A shivering В trembling С yawning D gasping 
11 A crash В splash С scream D sigh 
12 A forget В defy С ignore D deny 
13 A on В in С by D off 
14 A matter В wrong С happening D up 
15 A dug В planted С buried D grave 


Ji Read the text below and think of the word which best fits each space. 


Most ghost stories are set in mysterious old houses or castles. The ghosts themselves, 
(0) whose, spirits wander the earth, (1) usually the victims of some horrible crime. 
This is not always the case as the (2) story shows. 


When my friend Paul was a schoolboy, he often (3) to chat to Mr Scott, an 
elderly gentleman living on his (4) Mr Scott was a keen gardener. He would 
(5) be looking after his lawn or his flowers and Paul was in the habit of saying a 
(6) words to him over the fence. 


One summer's evening, as Paul was making his (7) home from school, he saw, as 
usual, Mr Scott in his garden. (8) old man was busily weeding his flower beds. 
When he saw Paul, he invited him into the garden with a (9) of his hand. Slowly, 
they strolled round, admiring the flower beds. Then, to Paul's surprise, Mr Scott bent 
down and picked a bunch of his finest dahlias. "Here boy," he said. "Give (10) to 
your mother." 


No (11) had he arrived home than he presented the flowers to his mother. He 
then told her that they were with Mr Scott's compliments. His mother's face went red 
(12) anger. "You wicked boy!" she shouted. "How dare you say (13) a thing! I 
bumped (14) his daughter in the supermarket this morning. She told me that the 
poor old chap passed (15) in his sleep last Friday." 







USE OF ENGLISH 


1 What do you know about the pyramids of 
Egypt and why they were built? 


2Quickly read the text and find out if there is any 
new or surprising information in it. 


3 Now decide which lines are correct ( • ) and which 
contain an extra word which should not be there. 


0 It seems tha t the mystery of why the Pyramids / 
00 were built may have been solved. Until a quite 


1 recently people got used to think that they 
2 were jus t tombs for pharaohs. Instead, of 
3 the connection with astronomy seems too much 
4 more important. Egyptologists they have often 
5 asked themselves how long time it took 
6 to build them and why did build them in the first 
7 place. Experts came up with it a suggestion that the 
8 Egyptians may have believed in the River Nile 
9 was the earthly equivalent exact of the Milky 


10 Way. Many are agree that the sizes of the three Giza 
II pyramids are in proportion to the three stars of 
12 Orion. Nothing, then, was by the chance. 
13 Rather, than the souls of dead pharaohs were 
14 deliberately being projected through shafts to 
15 reach at their goal of the Orion constellation. 
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READING 


Creatures of the night 


1 You are going to read some information about six 
creatures of the night. For questions 1-13 choose from 
the creatures (A-F). Some of the creatures may be 
chosen more than once. Where more than one answer 
is required, these may be given in any order. There is 
an example at the beginning (0). 


The cries of which creatures warn of a death to come? 


2 Which of the creatures do you think is the 
most/least terrifying? 


Do any of them corrrespond with creatures 
from your own country or culture? 


A The Banshee 


Banshees are female 
spirits of the Gaelic 
and Celtic peoples. 
They are rarely seen 
but often heard. A 
banshee is said to 
be a woman with 
long black hair and 
eyes red from 
weeping and 
dressed in a green 


robe and grey cloak. She has an appalling cry, described by 
some who have heard it as a blend between the howling 
of a wolfhound, the cry of wild geese, the screams of an 
abandoned child, and the groans of a woman in labour. 


The wail of a banshee has only one meaning - that a 
member of the family which hears it is doomed to die. 


В The Duppy 


A type of ghost 
raised by people of 
the West Indies to 
perform some 
service, usually of 
revenge. A duppy is 
raised by calling the 
name of a dead 
person continuously 
over their grave until 
the duppy arises 
through the earth and awaits instructions. 


A duppy can only cause vomiting by breathing on the 
victim or convulsions by touching him or her. When it has 
performed the task, it should be rewarded by placing rum 
and tobacco on the grave. 


Anyone who has reason to fear duppy-attack may keep 
them away by sprinkling tobacco seed around the house. 


С Menahune 


Night spirits of the Hawaiian Islands. 
They are unusual spirits because they are 
helpful rather than dangerous. Like the 
brownies of the British Isles, the 
menahune appear when the household 
is asleep and do all the housework. It 
seems, however, that the menahune are 
very particular about their employers. 
They do their work only for families 
which they feel to be especially pleasant 
and kind. Very few people have seen the 
menahune, which are believed to have 
pointed ears, shaggy black hair and tiny 
agile bodies. 







D Abiku 


An insatiable demon of 
the night which preys 
upon the Yoruba 
people of West Africa. 
Parents living in the 
little villages huddled 
deep in the forest are 
terrified of Abiku 
because his diet 
consists of children. He 
relishes nothing better 
than a plump, newborn 
child. As soon as the sun sets, parents rush their children 
into the huts, and sometimes hide them under mats or 
blankets so that Abiku will not find them. 


Nobody seems able to give a definite description of 
Abiku, except he is as shapeless as smoke. Everyone 
agrees, however, on his principal peculiarity. He has no 
stomach, and is therefore obliged to eat continuously 
because he never knows the satisfaction of feeling full. 


E The Azeman 


A rare example of a vampire actually appearing in the 
form of a vampire bat. Fortunately the azeman is restricted 
to certain regions of north-eastern South America. The 
azeman is invariably a woman. During the day she appears 
to be perfectly normal, but after dark she changes into a 
bat and flies around the village in search of victims. In 
normal vampire bat style, she seeks a sleeper whose foot is 
exposed and sucks the blood. Luckily it is easy to prevent 
an azeman from entering one's hut simply by propping a 
broom across the doorway. 


F Domovoi and Domovikha 


These are Russian household spirits. On the whole they 
are benign spirits, who live beneath the stove or 
doorstep or in the cellar. When a family moves into a 
new home, it is wise to place a piece of bread beneath 
the stove to attract Domovoi. His wife accompanies him 
but lives in the cellar. 
Domovikha never speaks, but one may hear Domovoi 
during the night. When he chatters and murmurs softly, 
the family may be sure that nothing unpleasant is likely 
to happen. But when he sobs or groans loudly it is a 
sign of misfortune, and Domovoi weeping is a sure sign 
of a death in the family. 


Humans rarely see Domovoi and never see 
Domovikha. It may be 
that he resembles a 
small man covered 
with silky hair, who 
might be mistaken 
for a dog or cat. A 
Domovoi sighting 
is extremely 
unfortunate and, 
if he does appear, 
it may be better 
for the family to 
move house. 


LISTENING 


Match the replies to the speakers 


1 Listen to the replies given by five women to the 
question If you came back in another life, what would 
you like to be and why? 


2 What would you like to come back as? 
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NEW HORIZONS 


FIRST THOUGHTS In pairs or small groups describe and discuss these pictures. Try and imagine 


1 where the people had come from. 
2 why they had left their old homes. 
3 how they felt. 


SPEAKING Discussion points 


1 Have you or anyone in your family ever considered emigrating? 
2 What circumstances would make you leave your own country? 
3 If you had to, which country would you emigrate to and why? 
4 Do you have any relatives who have emigrated? 
5 How easy or difficult would it be for a foreigner to settle down in your country? 


VOCABULARY 1 What is the difference between to immigrate and to emigrate? What nouns can you 
form from them? 
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Destination USA 


2 Complete the sentences using the words from the box. Make any changes to the word 
tha t are necessary. 


1 The ex-president spent the rest of his 
life in in a distant country. 


2 Thousands of filled the roads as 
they tried to escape from the war zone. 


3 Unfortunately, some people escape only 
to find themselves the victims of 
in the host country. 


4 I feel so I wish I could go home 
and see my family and friends. 


5 They were extremely ; they 
welcomed me into their home and made 
me feel like one of the family. 


6 It was difficult for him to really 
with the others because the colour of his 
skin and his hair made him look 
strange. 


7 At first she found it very difficult to 
The culture, food and weather 


were so different, but eventually she 
managed to most things. 


8 They escaped from their country and 
asked for political in Canada. 


9 You can't enter the country unless you 
have a valid 


settle down fit in refugee asylum exile get used to prejudice homesick 
hospitable visa 


Work in groups of four, Pair A and Pair B. 


PAIR A: One of you is a US resident. The other wants a visa. You have to convince 
immigration officials tha t there is a family connection between you and tha t you know 
each other well, e.g. you are brother/sister/husband/wife. Swap information on these 
areas: favourite food, music, books, family members, pets, description of family home, 
education. Pair B, the immigration officers, will try to "break" your story. 


PAIR B: See page 165. 


1 Quickly read the text and find out who the 
couple in the picture are, what their problem is, 
and if their story has a happy ending. 


2 Complete the text by changing the word in 
capital letters at the end of the line into a suitable 
form to fill the gap. There is an example at the 
beginning (0). 


Green Card is a (0) romantic comedy about a couple called George and ROMANCE 
Bronte. It is set in New York. George is a French (1) who can't COMPOSE 
get a Green Card (a working visa). Bronte is an American 
horticulturist who wants to rent an apartment with a greenhouse. 
(2) the apartment is only available to married couples, not single FORTUNE 
people. George and Bronte are introduced and in (3) they agree to DESPERATE 
a (4) of convenience. She gets the apartment and George is MARRY 
eligible for a Green Card. An (5) official is highly IMMIGRATE 
(6) of the arrangement and wants to interview them to check if SUSPECT 
the visa is (7) JUSTIFY 


The couple have to invent an instant history with (8) HUMOUR 
consequences. Before too long the (9) suspicions INVESTIGATE 
(10) and George makes a full DEEP 
(11) He leaves the country but by now he and Bronte are CONFESS 
genuinely in love. The (12) is that even though George is SUGGEST 
forced to leave, they will continue their romance. 







Destination USA 


A SENSE OF LIBERTY 


FIRST THOUGHTS 


When people think of the United States, they 
may think of the Statue of Liberty or Coca Cola! 
What do you think people associate with your country? 


LISTENING 


There is nothing that symbolises the United 
States more than the Statue of Liberty. Listen to the 
tour guide and complete the notes. 


The Statue was a present from the people of France to 
the USA to mark the (1) between the two 
nations. In her right hand Liberty carries a torch and 
in her left a tablet on which the date (2) is 
written.The sculptor who made it was Frederic 
(3) It is made of (4) sheets. It was 
finished in (5) It weighs (6) The statue 
is (7) feet high without the pedestal. With the 
pedestal its height in metres is (8) There are 
(9) steps to the observation point. The statue 
was dedicated by President (10) 


READING 


1 Read the text and answer the questions. 


1 How many people emigrated from Europe between 
1815 and 1914? 


2 When was the Irish potato famine? 
3 How many foreign-born Americans were there in 


1890? 
4 What was the number of black slaves in 1860? 


2 Read the text again and choose the most suitable 
heading from the list A-I for each part (1-7) of the 
article. There is one extra heading which you do not 
need to use. There is an example at the beginning (0). 


A 
В 
С 
D 
E 
F 
G 
H 
I 


Freedom to Pray 
An Enduring Dream 
One in Seven 
The Balance Changes 
The Journey to Despair 
Jobs and Land 
Flight from Hunger 
Europe in Crisis 
The Great Adventure 
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LANGUAGE STUDY 


Numbers 


By 1860 there were twenty-seven million free whites, 
four million slaves and a mere four hundred and 
eighty-eight thousand free blacks. 


Where necessary, correct these sentences. 


1 She lived for hundred years. 
2 The population of the USA is over two hundred 


millions. 
3 Five thousands of people visit the gallery every 


day. 


4 My telephone number is twenty four, thirty three, 
eight hundred and ninety-five. 


5 I would like one dozen of eggs, please. 
6 The code for London is nought one seven one. 
7 Dozens of people walked out of the film. 
8 The book is one hundred eighty pages long. 
9 Altogether that's three pounds and sixty-five. 


10 The average family has two comma four 
children. 


11 The drawer is an eighth of an inch too wide. 
12 There were thousands of people at the party. 
13 The Battle of Waterloo was in one thousand eight 


hundred and fifteen. 
14 My car does thirty miles for one gallon of petrol. 


LISTENING 


Listen to the numbers and write them down. 


1 Phone numbers 
A В 


2 Account numbers 
A В 


3 Decimals 
A 
С 


4 Fractions 
A 
С 


5 Dates 
A 
С 


6 Amounts 
A 


В 


В 
D 


В 


В 


7 Scores 
A Agassi won the match 
В Italy beat Holland 


8 Large numbers 
A 
С 


В 
D 


PRONUNCIATION 


1 Listen to the phone and account 
numbers again and try to copy the rhythm and 
intonation. How are the numbers broken up? 







Destination USA 


2 In pairs, give each other these telephone numbers 
as if you were speaking over the phone. 


A 
1 635 4551 
2 289 6412 
3 00 88 4842 6780 


LANGUAGE STUDY 


В 
4 0145 75551 
5 00 36 54215331 
6 4524 


The gerund and the infinitive 


1 Study these two sentences. 
They chose to leave their homes for social, economic 
and religious reasons. 
Immigrants risked losing their lives in the West. 


If we want to follow c h o o s e with another verb, we 
must put the second verb into the infinitive. 
We can't say They chose emigrating. 


If we want to follow risk with another verb, we must 
put the second verb into the gerund. We can't say 
They risked to lose their lives. 


2 Complete these sentences by putting the verb in 
brackets into either the infinitive or the gerund. 


1 Have you ever considered (emigrate)! 
2 The customs officer refused (let) him into 


the country. 
3 They denied (enter) the country illegally. 
4 The government agreed (allow) the 


refugees over the border. 
5 They threatened (deport) her on the next 


flight. 
6 He avoided (cross) the bridge by swimming 


the river. 
7 The tourists offered (hide) her in the boot of 


their car. 
8 Would you mind (show) me your passport, 


sir? 
9 Have you finished (fill in) that form? 


10 He pretended not (understand) the 
regulations. 


11 Immigration officials tend (be) suspicious. 


3 Now divide the verbs in the exercise into those 
tha t are followed by the infinitive and those that are 
followed by the gerund. Can you add to the list? 


+ infinitive 


choose 


+ gerund 


risk 


4 Look at these pairs of sentences. Decide where 
there is 
• little or no change in meaning 
• an important change in meaning. 


1 a It started to rain. 
b It started raining. 


2 a He remembered to close the window. 
b He remembered closing the window. 


3 a I like to play tennis. 
b I like playing tennis. 


4 a I like to go to the dentist twice a year. 
b I like going to the dentist. 


5 a They stopped to look at the map. 
b They stopped looking at the map. 


6 a I meant to apologise. 
b It meant apologising. 


7 a She tried to learn Japanese. 
b She tried learning ten new words a day. 


О Put the verbs in brackets into the gerund or the 
infinitive. Sometimes, both may be possible. Look 
carefully at the context you are given. 


1 Don't forget (go) to the travel agent's, will 
you? The plane tickets need (pick up). 


2 I shall never forget (see) the Statue of 
Liberty for the first time. 


3 Oh, no! It's starting (rain). 
4 I like (play) tennis but I wouldn't like 


(play) with her. She's such a bad loser. 
5 Lucia started (study) English six years ago. 
6 I meant (tell) you about the party but I 


completely forgot. 
7 I didn't tell her about the party because it would 


have meant (invite) her and her boyfriend. 
8 Do try (make) less noise. I'm trying 


(concentrate). 
9 He remembers (drive) up to the crossroads 


but nothing else after the accident. 
10 Have you ever stopped (wonder) why she 


behaves like that? 
11 We really need (do) some shopping; we're 


running out of everything. 
12 I've tried (jog) and aerobics, but I still can't 


lose weight. 
13 I'm terribly sorry but I forgot (post) your 


letter. 
14 Did you remember (do) your homework? 
15 I'll stop (lend) you money if you waste it on 


cigarettes. 
16 T can't get this table through the door.' 


'Really? Have you tried (take off) the legs?' 
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LISTENING One group who went West were the Mormans. They wanted to be free to follow their 
beliefs. Listen to these two friends discussing the Mormons and decide if these 
statements are True or False. 


1 Gina is no longer a Mormon. 
2 Mormonism is a Christian religion. 
3 It dates from 1727. 
4 Smith was visited by Mormon. 
5 There are similarities with the Old 


Testament. 


6 The plates were written in Hebrew. 
7 Mormonism quickly became popular. 
8 The plates may have come from Israel. 
9 The dead can be included in the 


church. 
10 Mormons have more than one wife. 


The Mormon Tabernacle, Salt Lake City 


SPEAKING (From page 161.) 


PAIR B: You are immigration officers. Try to "break" Pair A's story and 
prove that they have no family connection and that they do not know each 
other very well. Interview each of PAIR A individually and make a note of 
the answers. 


You can only ask questions on these areas: favourite food, music, books, 
family members, pets, description of family home, education. 


When you have finished, swap roles and repeat the procedure. 
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FIRST THOUGHTS Work in pairs. Discuss the differences and similarities between the two pairs of pictures. 


USE OF ENGLISH 1 Read the first text and find its connection with the first two photographs you 
discussed. 


2i Read the text again and decide which word A, B, C or D best fits each space. There is 
an example at the beginning (0). 


The all time American hero has to be the cowboy seen in {0) .QQ\mt\eee^ Westerns and TV 
serials. Good guys wore white hats, (1) those the baddies wore were always black. 
In (2) you knew everybody would be white - ( 3 ) from the red Indians, who 
were there to be slaughtered. The (4) belief that the only cowboys were white is 
(5) by the facts. Even though you (6) ever see a black face in cowboy films, 
(7) a quarter and a third were Negroes. 


The famous cowboy (8) as Deadwood Dick who has been played by white actors 
was in (9) an ex-slave and civil war veteran. Only such people (10) by a 
tough physical existence could (11) the challenges of life as a cowboy. Outlaws and 
sheriffs included their fair (12) of black men too. The wicked and (13) outlaw 
Belle Starr was half Negro and half Native American, (14) she was played by the 
white actress Barbara Stanwyck. Isn't it time we (15) a more accurate portrayal of 
the wild west on our screens? 


0 A counted B uncountable 8 A known B called C referred 
C countless D numbered. D nicknamed 


1 A yet B while C so D then 9 A really B truthful C reality 
2 A case B addition C time D factual 


D fact 10 A used B hardened C tough 
3 A apart B except C rather D accustomed 


D instead 11 A make B take C do D have 
4 A varied B large C widespread 12 A portion B amount C share 


D vast D ration 
5 A criticised B contrasted 13 A famous B well-known 


C contradicted D confirmed C reputable D notorious 
6 A seldom B nearly C almost 14 A despite B yet C although 


D hardly D then 
7 A about B roughly C between 15 A took B had C made 


D within D received 
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О Quickly read the text and find the connection it 
has with the photographs above. Then think of one 
word to fill each gap. 


Baseball, (0)....П!#?.?Г.... than American football, is the 
national game of the USA. So it is quite 
understandable tha t Americans are proud of it and 
(1) it extremely seriously. It is hardly 
surprising (2) tha t English claims that the 
game was based on rounders (3) in upsetting a 
lot of people. Particularly as rounders is a gentle 
game for people not tough (4) to play England's 
national sport - cricket! 


The argument caused so (5) controversy that 
a special commission was (6) up in 1905 to 
establish the truth. (7) surprisingly, it decided 
that baseball had been invented in New York in 1839. 


Since then baseball has been taken up (8) 
over the world. In recent years, South American 
countries (9) come to dominate (10) 
amateur game. Cuba has already won the 
championship no (11) than 18 times. 


The game has also (12) on in Australia and 
Japan. So (13) so t h a t these countries can now 
field quite impressive teams. These developments 
gave one of the (14) blows to American sporting 
pride at the Los Angeles Olympics of 1984, where the 
Japanese (15) to beat the Americans 6-3 in the 
championship final. 


LISTENING 


Gus is telling his friend Andy about the rules of 
American football. Listen carefully to their 
conversation and answer the following questions. 


1 A field goal is worth 
A six points. 
В one point. 
С three points. 
D two points. 


2 In American football, you can pass the ball 
forwards 
A as often as you like. 
В never. 
С twice in a play. 
D once in a play. 


3 A play is 
A thirty seconds. 
В when the teams block and tackle. 
С the time between two scrimmages. 
D when the ball is passed between the players. 


4 How many examples does Gus give of when the 
ball can change hands between teams? 
A 2. 
В 3. 
С 4. 
D 5. 


5 Gus thinks that American football is 
A easy to understand. 
В twice as difficult to understand as cricket. 
С half as difficult to understand as cricket. 
D easier to understand than cricket. 
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FLORIDA FUN 


FIRST THOUGHTS 


A group of foreign school children, aged 15-17, 
are coming to spend a week in your country. 
Which places of interest would you recommend they 
should visit? Include if you can: 
• a place of natural beauty, e.g. a famous waterfall or 


national park. 
• a place where they can see wildlife. 
• a place where they can have fun, e.g. an 


amusement park or theme park. 
• somewhere to relax, e.g. a beach or resort. 
• a place of historic interest, e.g. a castle/battlefield. 
• a technical or engineering achievement, e.g. a 


bridge or dam. 
• a place where you can see an old-fashioned/ 


traditional way of life. 
• a museum or cultural event. 


READING 


You are going to read some information about 
the entertainment possibilities offered in 
Florida, USA. For questions 1-13, choose from the 
attractions A-J. Some of the attractions may be 
chosen more than once. Where more than one answer 
is required, these may be given in any order. There is 
an example at the beginning. 


Which attractions would you recommend for someone 
who: 


wants to know how films are made? 0 A 


00 J 
wants the most frightening "on land" rides? 


1 
is fascinated by space and science and technology? 


2 3 
loves all kinds of modern music? 


wants to go surfing? 


4 


6 


7 


is concerned about the environment? 


would like to see a spectacular parade? 


would like to see cartoons being produced? |_S 


would like to go on a world tour? 9 


would like to watch human experts give a display of 


water sports? 10 


wants to go shopping? 11 12 
would like to experience a ride on a water chute? 
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Entertainment. . . 
UNIVERSAL STUDIOS A 


Visit Hollywood in Florida at Universal 
Studios - the largest working studio 
complex out of "Tinsel Town" itself. "Ride 
the movies" with King Kong, and the 
Ghostbusters team, take a bike ride with a 


difference in the ET Adventure or blast "Back to the Future" 
courtesy of Doc Brown... and don't miss "Jaws", Universal 
Studio's latest attraction. 


SEA WORLD B 


As oceans become more polluted and natura 
habitat continues to be lost, the conservatior 
work carried out by Sea World becomes 
more important by the day. See threatened 
species such as the Florida manatee, giant 


sea turtles, sharks and dolphins - not forgetting "Shamu" the 
killer whale - and learn more about the fascinating undersea 
world and how we can protect it. 


BUSCH GARDENS C 


Turn upside down seven times on Busch 
Gardens' 60mph "kumba" - the largest and 
fastest steel roller coaster in the south
eastern United States! The "Scorpion" and 
"Python" offer even more thrills and 


excitement. At a gentler pace, explore some 300 acres of grounds 
where more than 3,400 animals live in the open - including 
chimps, gorillas, lions and giraffes. 


WET 'N' WILD D 


attraction 


"Surf's up" at Wet 'n' Wild. You can "catch" 
4ft waves at Surf Lagoon, "go for a spin" on 
the Ragin' Rapids or plunge the 76ft "freefall" 
of Der Stuke. The watery possibilities here 
are endless. 


CYPRESS GARDENS E 


More impressive each year, Florida's very 
first theme park offers 8,000 varieties of 
beautifully planted tropical gardens, the 
world famous Cypress Gardens waterski 
team, as well as the Gardens' newest 


Wings of Wonder Butterfly Conservatory. 
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... Florida style 
LISTENING 


Pyramid discussion 


Follow the instructions to get as much speaking 
practice as you can on the Entertainment Florida 
style information. 


1 On your own, decide which three places you would 
most like to visit. 


2 Then decide on three with a partner. 
3 Then make a decision as a group of five. 
4 Then as a whole class! 
5 Decide where you would go if you could only visit 


one place. 


WRITING 


The compulsory letter 


You work at a travel agent's. A customer, Mrs Green, 
has asked you to suggest an itinerary for a six-day 
tour of Florida. Based on what you have read, and 
the notes below, write a letter in 120-180 words 
giving your suggestions. 


Notes : 
Mrs Green, 42. Science teacher at secondary school. 
Likes wildlife. 
Mr Green, 44. Likes jazz. Interested in space and 
science. Wants to make Mandy happy. 
Sandy Green, 15. He likes science and sea animals. 
Thinks he is too old for Magic Kingdom. 
Candy Green, 13. She loves films. Keen on water 
sports and would like to try surfing. 
Mandy Green, 13. She is crazy about Mickey Mouse 
and wild animals. 169 


An interviewer is talking to the Oldham family 
about their holiday in Florida. Answer the questions 
by writing R (Roger), C (Christine), or K (Kate). 
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CULTURAL EXCHANGES 


FIRST THOUGHTS 


LISTENING 


The influence of the USA has aided the spread of English. Some countries have laws to 
prevent the use of English words in their language. For example, advertisements and 
technical jargon which use English words may be banned. 


What is the situation in your country? 


Do you think that it is necessary to protect languages by legal means? 


Tricia talks to Larry Monde about street gangs in Los Angeles. 


1 Before you listen, discuss these questions. 


1 What do you think makes young people join gangs? 
2 Are there any well-known street gangs in big cities in your country? 
3 Describe the people in the two photos. 


2 Now listen and complete these notes which summarise what Larry says. 


The two main gangs are the Crips and the (1) 
The gangs are from the (2) area of Los Angeles and another area called Watts. 
There are two main gangs but (3) of smaller gangs. 
Gang members distinguish themselves by wearing a red or blue (4) 
It is very dangerous to go into the other gang's (5) 
A favourite method of murder is by shooting your enemies from (6) 
The only law in these areas is the law (7) 
Larry finds TV programmes about the gangs (8) 
Ordinary people are usually (9) 
Most gang members are black or (10) 
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READING LANGUAGE STUDY 


Read the article about Euro Disney near Paris 
and find out why the writer thinks it was a bad 
idea to build it. 


It was extremely generous of the people of France 
to give the American people the Statue of Liberty, 
especially as the money was raised by donations 
from the public who recognised what the countries 
had in common, (a) After all, both nations had 
fought revolutions to secure their nationhood. 


Nowadays, it seems as though the gift has been 
returned with interest with the foundation of Euro 
Disney near Paris, (b) Nevertheless, many French 
people are unhappy with this "present", which they 
feel symbolises a kind of "cultural colonialism". To 
tell the truth, I would not welcome the presence of 
such a theme park in the middle of England, for the 
same reason, (c) Mind you, neither England nor 
France have ever been afraid to export their own 
culture and values. 


(d) Anyway, it is not difficult to understand why 
they chose to build Euro Disney near Paris. It is a 
geographically logical site, in the centre of 
continental Europe, right by the sophisticated 
capital city with its own attractions and so on. 
(e) All the same, was it a culturally logical 
decision? There is the issue of "cultural colonialism" 
which I have already mentioned. What's more, do 
the French need Mickey Mouse when they have 
their own cartoon hero in the form of the brave 
little Gaul, Asterix? Euro Disney's rival the Pare 
Asterix has proved a popular destination for 
families wanting a day out. (f) Incidentally, Pare 
Asterix is an easy drive from Paris too. Millions of 
dollars have been poured into Euro Disney to 
provide a top class attraction but (g) the thing is, 
can visitors expect an authentic American 
welcome? The answer must surely be "no"! (h) 
There again, Euro Disney is a cheaper option for 
most Europeans than going all the way to the 
States. 


(i) All in all I would rather create theme parks 
which celebrated my own heroes than accept those 
from elsewhere, (j) In a nutshell, this is because it 
is not always possible to transport culture - like 
some wines they do not travel well, (k) By and 
large I feel positive towards things American: I 
have many American friends, adore Rock and Roll 
music and American movies and even eat their fast 
food. When I am rich I will take my family to 
Florida to DisneyWorld and the Magic Kingdom. 
(1) However, until that day arrives we won't be 
going to Euro Disney. There is a time and place for 
everything. 


Discourse markers 


Now look at the twelve words and phrases in bold (a-1). 
Which ones show that the writer is: 


• saying'don't forget'? 1 2 3 
• reconsidering an earlier argument? 4 
• saying'but'? 5 6 7 
• changing the subject? 8 
• adding a minor point? 9 
• summarising / generalising? 10 11 


12. 


VOCABULARY 


British and American English 


1 Match the American English words on the left 
with the British English equivalents on the right. 


1 cable 
2 diaper 
3 apartment 
4 truck 
5 fall 
6 vacation 
7 band-aid 
8 purse 
9 check 


10 cookies 
11 drug store 
12 freeway 
13 gas 
14 bill {paper money) 
15 elevator 
16 candy 
17 subway 
18 faucet 


A holiday 
В note 
С chemist 
D plaster 
E biscuits 
F bill (in a cafe) 
G lift 
H telegram 
I petrol 
J nappy 
К tap 
L handbag 


M underground 
N lorry 
О autumn 
P motorway 
Q sweets 
R flat 


Can you think of any other American English words? 


2 Change these sentences into British English. 


1 Can you go to the drugstore, honey? We need some 
diapers for the baby and a band-aid for my finger. 


2 Last fall, I was driving along a freeway when I ran 
out of gas. Luckily, a truck driver gave me a ride. 


3 Our apartment is quite near the subway station. 
4 It's my turn to pay the check. Pass me my purse; 


I've got a $20 bill in it. 
5 Cookies and candy are bad for our teeth. 
6 Nothing works round here! Not only is the elevator 


broken but so is the faucet in the bathroom. 
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AMERICAN DREAMS READING 


FIRST THOUGHTS 


Who are these three Amercian heroes? What 
unfortunate thing do they all have in common? 


2 Martin Luther King was a black American leader 
at a time when there was segregation in the southern 
states of the United States. In other words, blacks 
and whites led separate lives, with black people being 
denied basic human rights and equal opportunities in 
education. This is part of a famous speech by Martin 
Luther King: 


"I say to you today my friends, that in spite of the 
difficulties and frustrations of the moment I still 
have a dream. It is a dream deeply rooted in the 
American dream. I have a dream that this nation 
will rise up and live out the true meaning of its 
*creed: 'We hold these t ruths to be self-evident: that 
all men are created equal.' I have a dream that one 
day even the state of Mississippi, a desert state 
*sweltering with the heat of injustice and 
oppression, will be transformed into an oasis of 
freedom and justice. I have a dream that my four 
little children will one day live in a nation where 
they will not be judged by the color of their skin but 
by the content of their character." 


* creed: central belief 
*sweltering: unpleasantly hot and humid 
From what you know of the present-day situation in 
the USA, how far has King's dream become a reality? 


1 You are going to read a text by the film star 
Arnold Schwarzenegger. Before you read it, what do 
you know about him already? Where is he from for 
example? Which films has he starred in? How many 
careers has he had? 


2 Now read the text and find out how different 
Arnold's dream is from Martin Luther King's. 


I was born in a little Austrian town, outside Graz. 
It was a 300-year-old house. 


When I was ten years old, I had the dream of being 
the best in the world in something. When I was 
fifteen, I had a dream that I wanted to be the best 
body-builder in the world and the most muscular 
man. It was not only a dream I dreamed at night. It 
was also a day-dream. It was so much in my mind 
that I felt it had to become a reality. It took me five 
years of hard work. Five years later, I turned this 
dream into reality and became Mr Universe, the 
best-built man in the world. 


"Winning" is a very important word. There is one 
that achieves what he wanted to achieve and there 
are hundreds of thousands that failed. It singles you 
out: the winner. 


I came out second three times but that is what I call 
losing. The bottom line for me was: Arnold has to be 
the winner. I have to win the Mr Universe title more 
often than anybody else. I won it five times 
consecutively. I hold the record as Mr Olympia, the 
top professional body-building championship. I won 
it six times. That's why I retired. There was nobody 
even close to me. Everybody gave up competing 
against me. That's what I call a winner. 


When I was a small boy, my dream was not to be big 
physically, but big in a way that everybody listens to 
me when I talk, that I'm a very important person, 
that people recognise me and see me as something 
special. I had a big need for being singled out. 


Also my dream was to end up in America. When I 
was ten years old, I dreamed of being an American. 
At the time I didn't know much about America, just 
that it was a wonderful country. I felt it was where I 
belonged. I didn't like being in a little country like 
Austria. I did everything possible to get out. I did so 
in 1968, when I was twenty-one years old. 
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If I believed in life after death, I would say in my 
before life I was living in America. That's why I feel 
so good here. It is the country where you can turn 
your dream into reality. Other countries don't have 
those things. When I came over here to America, I 
felt I was in heaven. In America we don't have an 
obstacle. Nobody's holding you back. 


You have to choose at a very early date what you 
want: a normal life or to achieve things you want to 
achieve. I never wanted to win a popularity contest 
in doing things the way people wanted me to do it. I 
went the road I thought was best for me. A few 
people thought I was cold, selfish. Later they found 
out that's not the case. After I achieve my goal, I can 
be Mr Nice Guy. You know what I mean? 


California is to me a dreamland. It has the absolute 
combination of everything in the world I was ever 
looking for. It has all the money in the world there, 
show business there, wonderful weather there, 
beautiful country, the ocean is there. Snow skiing in 
the winter; you can go in the desert the same day. 
You have beautiful-looking people there. They all 
have a tan. 


I believe very strongly in the philosophy of staying 
hungry. If you have a dream and it becomes a reality, 
don't stay satisfied with it too long. Make up a new 
dream and hunt after that one, and turn it into 
reality. When you have that dream achieved, make 
up a new dream. 


I am a strong believer in Western philosophy, the 
philosophy of success, of progress, of getting rich. 
The Eastern philosophy is passive, which I believe in 
maybe three per cent of the time, and the ninety-
seven per cent is Western, conquering and going on. 
It's a beautiful philosophy and America should keep 
it up. 


0 Read the text again carefully and choose the best 
answer (А, В, С or D) to each question. 


1 How long did it take for Arnold to make his dream 
of being the best in the world a reality? 
A Five years. 
В Ten years. 
С Fifteen years. 
D Twenty years. 


2 Why did Arnold retire from body-building? 
A He knew he had reached the bottom line. 
В Не hated coming second. 
С There were younger people who wanted his 


titles. 
D There was no real competition. 


3 What was Arnold's great need as a boy? 
A To be alone. 
В То be very big. 
С То be respected 
D To be a good speaker. 


4 What did Arnold believe before he went to the 
USA? 
A He had been an American in a previous life. 
В Не already knew a great deal about the States. 
С You can achieve your potential in the USA. 
D He was satisfied with life in Austria. 


5 What does Arnold think about himself? 
A He has the potential to be kind. 
В Не is totally ruthless. 
С Не has a need to be popular. 
D He is emotionally cold. 


6 How does Arnold feel about California? 
A It is just something from a dream. 
В You can be who you want to be there. 
С It has everything. 
D It is a superficial place. 


7 What, in a sentence, is Arnold's philosophy? 
A Be satisfied with what you've got. 
В Don't eat too much. 
С Have a dream and make it come true. 
D However successful you are, always have a goal. 


8 What does Arnold believe about Western 
philosophy? 
A It is passive. 
В It is aggressive. 
С It overvalues success. 
D The whole world should adopt it. 







WHAT DOES THE FUTURE HOLD? 


FIRST THOUGHTS Complete this questionnaire individually by circling your chosen answer. Then discuss 
your answers in pairs or small groups. 
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SPEAKING Discussion points 


1 Which predictions are the most/least likely to come true? 
2 Who is the most optimistic/pessimistic in your group? 
3 As a group, think of three other things you will be doing or will have done by the 


year 2025. 


VOCABULARY Technology and work 


1 N e w technology 


Join these split sentences. 


1 A computer is 
2 A computer's hardware consists of 
3 The programmes used to run a computer 
4 A robot is 
5 A holograph is 
6 A gene is the part of a cell of a living 


thing that 
7 Genetic engineering 
8 The term "virtual reality" 


a a machine which can move and perform 
some of the physical work done by men. 


b allows scientists to determine the 
development of a cell. 


с a three dimensional image produced by 
light. 


d the computer and its equipment. 
e determines how it will develop and grow. 
f describes computer images which 


appear almost like the real world. 
g an electronic machine which is used to 


store and organise information. 
h are its software. 


2 Word bui lding 


Scient ist (the noun for the profession) and scientific (adjective) are both formed from 
the noun science. How does the stress of these words change between the different 
parts of speech? 


• Make profession nouns and adjectives in the same way from the following: biology, 
physics, chemistry, ecology. 


• Form the adjective from technology. 
• What profession noun and what adjective can you make from technique? 


3 Work 


Complete the sentences with a word or expression to do with work. The first letter of 
each word or expression is given to you. 


1 Typing and knowing how to use a computer are two useful s 
2 The workers decided to go on s when the management refused their demand for 


higher wages. 
3 When the car company introduced computers into the factory, five hundred workers 


were made r. They were no longer needed to perfom manual tasks. 
4 The t и tried to negotiate with the management to save jobs but was 


powerless to do anything. 
5 In England, people without jobs can go on the d ; in other words the government 


pays them some kind of unemployment benefit each week. 
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LISTENING 1 You are going to hear five people talking about their visions of the future. Choose 
from the list A - F the description which best fits each speaker. There is one extra letter 
which you do not need to use. 


A Talks about the future of home entertainment. 
В Thinks science and technology will improve everyone's lives. 
С Believes mankind will have to colonise other planets. 
D Thinks that humans will have spare body parts made from 


computers. 
E Suggests we won't be able to tell the difference betweeen what 


is real and what is "virtual". 
F Fears there will be a terrible disaster. 


Speaker 1 
Speaker 2 
Speaker 3 
Speaker 4 
Speaker 5 


• • 
D • • 


2 Whose vision of the future is closest to your own? 


PRONUNCIATION Word building 


Look at the words that can be formed from the verbs employ, compete, and qualify 
and decide 


• where the stress falls in each word. 
• what part of speech each word is, i.e. is it a noun, verb or adjective? There may be 


more than one noun or adjective in each group. 


1 employ employ = VERB 
employed = 
employment = 
employable = 
employer = 


2 compete compete = 
competitive = 
competitor = 


3 qualify qualify = 
qualified = 
qualifications = 


employee = 
employability = 
unemployed = 
unemployment = 
unemployable = 


competition = 
competitiveness = 
uncompetitive = 


unqualified = 
disqualify = 
disqualification = 
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LANGUAGE STUDY 


More complex ways of describing the future 


1 The future perfect 


Study this sentence from the recording and answer 
the questions which follow: 
By 2025 we'll have conquered most diseases. 


• Will we conquer most diseases? 
• Will this happen before, in or after 2025? 
• Do we know exactly when this will happen? 


With the present perfect, we look at the past from 
the viewpoint of the present. 
Example: I have b e e n to Germany which means 
Some time in the past I went to Germany. 


With the future perfect, we project to a point in the 
future and look back from there. 
Example: By 2010, new technology will have 
revolut ionised communications which means 
This revolution will take place some time between now 
and 2010. I am not exactly sure when it will happen; 
however, I predict that by 2010 it will have happened. 


Expand these sentences using the future perfect. 


1 I - will - finish - this exercise - in five minutes' time. 
2 By - end of century - doctors - find - cure for AIDS. 
3 They - arrive - by - ten o'clock this evening... 
4 ...but they - be - tired and hungry - they will not -


sleep - eat. 
5 By next April - he - be - out of work - six years. 
6 A super-intelligent computer - invent - by 2020... 
7 and h u m a n labour - be replaced - by robots... 
8 ...but they still - not find - a way to replace 


cleaners! 


2 The future cont inuous 


Our great-grandchildren will be living on the moon. 


Match the descriptions of the uses of the future 
continuous with the example sentences. 


1 an activity completely covering a period in the 
future 


2 a future arrangement 
3 a guess about something happening in the present 


A It's six o'clock. Dad will be listening to the news. 
В I'll be taking the 11.30 train. 
С We'll be working in New York for the next two 


months. 


3 The future after introductory time expressions 


When this happens, there won't even be the need for 
a screen or anything. 


1 Study what happens when two sentences 
expressing the future are joined by using an 
introductory time expression: 
Doctors will find an answer to AIDS. They will be 
able to cure people. 
-> As soon as doctors find an answer to AIDS, they 
will be able to cure people. 
After the time expression, a form of a present tense 
has to be used. 


2 Now join the sentences below using the words in 
capital letters. Make any other necessary changes. 
Example: Children will still be going to school. 
Scientists will be trying to invent machines to teach 
them at home. WHILE 
-> Children will still be going to school while 
scientists are trying to invent machines to teach 
them at home. 


A Office workers will have jobs. New technology will 
make them redundant. UNTIL 


В Robots will have been introduced. Factory workers 
will go on strike. AS SOON AS 


С Computers will act as judges. They will be 
programmed with all the information. ONCE 


D Oil will have run out. Scientists won't have 
discovered an alternative source of energy. 
BEFORE 


E Super-intelligent computers will be invented. 
Technicians will need to maintain them. 
IMMEDIATELY 


F All these changes will take place. Our world will be 
transformed. AFTER 


4 Write a paragraph predicting what your life will be 
like by or in the year 2010. What will you have done? 
Will you be married and have children? Where will 
you be living? What will your job be? 
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FIRST THOUGHTS 


MAKING A LIVING 


1 How easy is it for young people to find jobs these days? Do they have realistic 
expectations? 


2 Some people say that people are often over-educated for the jobs they do. How far do 
you agree with this? What effect could over-education have? 


USE OF ENGLISH Complete the passage by changing the word in capitals at the end of the line into a 
suitable form to fill the gap. There is an example at the beginning (0). 


There is no doubt that the world has become a more (0) competitive 
place. For the past twenty years or so the chase for paper (1) 
has become even tougher. Young people without pieces of paper are 
immediately (2) from applying for even the lowest jobs. 


All that seems to wait for them is long term (3) However, 
there are two ways out of this The first is to enrol on a training 
course in areas where there is a (4) of people with the right 
skills and know-how. With determination and (5) , enough can 
be learned to dramatically improve the (6) of young people 
whose prospects would otherwise be poor. The second is to contact 
big employers direct. Employers (7) believe that the general 
education offered by most schools and colleges is out-dated and 
(8) to today's new professions. This is why they are offering 
(9) to applicants who demonstrate the necessary aptitude and 
(10) The future is much brighter than we thought. 


COMPETE 
QUALIFY 


QUALIFY 
EMPLOY 


SHORT 
ENTHUSIASTIC 
EMPLOY 


INCREASE 


RELEVANT 
APPRENTICE 
COMMIT 


READING 1 You are going to read an extract from the 
book Brave New World by Aldous Huxley. It is 
set in the distant future where people are no 
longer born but are "hatched" instead. Different 
classes of people with different levels of 
intelligence are biologically mass-produced 
according to society's needs. "Alphas" are the 
most intelligent and "Epsilons" the least 
intelligent. Most people take soma - a 
recreational drug. In this extract the Savage -
someone from a "natural" world close to the one 
we know - discusses the situation of the 
Epsilons with Mustapha Mond - the World 
Controller. Read the passage and answer the 
questions which follow. 
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"I was wondering," said the Savage, "why you had 
them at all, seeing that you can get whatever you 
want out of those bottles. Why don't you make 
everybody an Alpha-Double-Plus while you're about 
it?" 


Mustapha Mond laughed. "Because we have no 
wish to have our throats cut," he answered. "We 
believe in happiness and stability. A society of 
Alphas couldn't fail to be restless and miserable. An 
Alpha would go mad if he had to do Epsilon work -
go mad or start breaking things. Only an Epsilon 
can be expected to make Epsilon sacrifices, for the 
good reason that for him they aren't sacrifices. His 
conditioning has determined the life he has got to 
live. He can't help himself." 


The Savage sighed. 
"The ideal population," said Mustapha Mond, "is 


like an iceberg eight-ninths below the water line, 
one-ninth above." 


"And they're happy below the water line?" 
"Happier than above it. Happier than your 


friends here, for example." He pointed. 
"In spite of that awful work?" 
"Awful? They don't find it so. On the contrary, 


they like it. It's light, it's childishly simple. No 
strain on the mind or the muscles. Seven-and-a-half 
hours of mild labour without excessive bodily effort, 
and then the soma distribution and games and 
other amusements provided for them. What more 
can they ask for?" 


"True," he added, "they might ask for shorter 
hours, but would they be any the happier for that? 
No, they wouldn't. The experiment was tried, more 
than a century-and-a-half ago. The whole of Ireland 
was put on to the four-hour day. What was the 
result? Unrest and a large increase in the amount of 
soma taken. The Inventions Office is full of plans for 
labour-saving processes. Thousands of them." 
Mustapha Mond waved his arms as if to give an 
idea of the great pile of plans. "And why don't we 
use them? For the sake of the workers. It would be 
cruelty to give them too much leisure. It's the same 
with agriculture. We could produce every mouthful 
of food synthetically, if we wanted to. But we don't. 
We prefer to keep a third of the population on the 
land. For their own sakes - because it takes longer 
to get food out of the land than out of a factory. 
Besides, we have our stability to think of. We don't 
want to change. Every change is a threat to 
stability. That's another reason why we're so careful 
about using new inventions. Every discovery in pure 
science could lead to a revolution. Even science 
must sometimes be treated as a possible enemy. Yes, 
even science." 


1 Why doesn't Mustapha Mond want to make everyone 
Alpha-Double-Plus? 
A Because it would be a joke. 
В Because Epsilons would have nothing to do. 
С Because it could be dangerous. 
D Because the change would be difficult to introduce. 


2 According to Mustapha Mond, Epsilons aren't 
unhappy because 
A they are used to making sacrifices. 
В they enjoy their work. 
С they realise unhappiness is a waste of time. 
D they can't think that way. 


3 How does the Savage feel about Mustapha Mond's 
explanation? 
A Depressed. 
В Amused. 
С Fascinated. 
D Astonished. 


4 What point does Mustapha Mond want to make when 
he talks about the iceberg? 
A All people are essentially equal. 
В You are happier out of the water. 
С Society needs people below the water line. 
D Most people are happy with an undemanding 


life. 


5 What happened as a result of the Irish experiment? 
A Less soma was consumed. 
В There was trouble. 
С It was repeated elsewhere. 
D People wanted to work even less. 


6 What does Mustapha Mond say about the inventions? 
A They are ignored. 
В They are continuously introduced. 
С Most are impractical. 
D They have reduced people's hours of work. 


7 One third of the population works on the land 
because 
A synthetic foods are not sufficiently advanced. 
В it's good for the workers. 
С there is a world food shortage. 
D it is more efficient to produce food this way. 


8 How does Mustapha Mond feel about science? 
A We must be cautious of its consequences. 
В It is man, not science, who is evil. 
С There is no threat from it at all. 
D He has little respect for it. 


2i Discuss ion points 


1 How far do you agree with Mond's philosphy? 
2 How necessary is it for people to work? 
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LISTENING 


Renate Gross is talking about the impact of 
technology on work. Listen to what she has to say and 
complete the notes. 


According to Renate, the industrial revolution in 
Europe took place in (1) A postal service has 
existed since (2) However, nowadays postal 
workers (3) According to Renate, the 
invention of (4) marked the end of the Middle 
Ages. It will only cost colleagues (5) to 
communicate internationally by computer. Computers 
will be more efficient, accurate and (6) than 
human beings. Old-fashioned jobs like (7) and 
thatchers and coopers have disappeared. She says 
tha t nowadays, clerical and (8) jobs are 
disappearing too. People who want to have a job in the 
future should become (9) 50 years ago, if you 
had told someone about jobs involved in TV they 
would have said (10) 


READING 


Nowadays, a lot of information is available on 
compact discs, which can be read with the aid of 
computer technology. This is called CD-ROM (compact 
disc read-only memory - you can read, copy or 
interact with what you see but cannot add to it or 
change it). 


You are going to read some descriptions of CD-ROMs. 
For questions 1-15, choose from descriptions (A-K). 
Some answers may be chosen more than once. Where 
more than one answer is required, these may be given 
in any order. 


LEARN TO SPEAK SERIES A 
(Hyperglot Software) 
Learn another language with these self-study 
language tutors. The emphasis is on learning 
words within a real-life context, rather than as 
strings of vocabulary. You can also record your 
own pronunciation and then compare it with a 
recording by a native speaker. 


MICROSOFT ART GALLERY В 
(Microsoft Corporation) 
Take a tour of London's National Gallery, with 
2,000 paintings dating from 1300 to this century. 
Animation is used to explain the techniques of the 
great artists, and the history and social conditions 
of the artist's time put paintings into their proper 
context. 


BATTLE CHESS С 
(Interplay) 
A new experience in the game of chess, this title 
contains animated pieces that play out battles 
when a piece is taken. A detailed animated tutorial 
will teach beginners to play chess. 


SPACE ADVENTURE D 
(Knowledge Adventure) 
Take a highly interactive voyage into space, with 
plenty of video, sounds, and images. You can read 
about space missions, ponder how the universe 
was formed and what it is made of, and follow the 
search for extraterrestrial life. 


TIME ALMANAC E 
(Compact Publishing) 
This title is produced annually and consists of the 
previous year's articles and images from Time 
magazine as well as a collection of features from 
previous decades. Video clips are included, and 
you can test your knowledge of current affairs with 
the NewsQuest quiz. 
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THE WAY THINGS WORK F 
(Dorling Kindersley/Houghton Mifflin) 
Based on David Macaulay's best-selling book, this 
title uses hundreds of animation clips to explain the 
workings of everything from aircraft to X-rays. 


THE BIG GREEN DISK G 
(Media Design Interactive) 
Designed to give users an overview of ecological 
problems, this title explains the origins of the 
difficulties facing the earth, details possible 
solutions and includes interviews with leading 
experts. 


RETURN TO ZORK H 
(Activision) 
This challenging adventure game features 
excellent graphics, real actors, and full motion 
video footage. The title is the fifth in the series. 


WORLD VISTA I 
(Applied Optical Media) 
More than a simple atlas, this title includes images 
and sounds from over 200 countries. In addition to 
history and politics, topics covered include 
agriculture, health, education and crime. Users can 
also learn common phrases in 25 languages. 


INTRODUCTION TO CLASSICAL 
MUSIC J 
(Attica Cybernetics) 
Aimed at the novice listener, this title details the 
various types of classical music and explains 
musical terminology. Seven different search 
methods are available to guide users through the 
four hours of music clips. 


MACMILLAN DICTIONARY FOR 
CHILDREN К 
(Maxwell Electronic Publishing) 
This product offers an entertaining way for children 
to learn: every word has an audio pronunciation, 
and some entries include animated sequences. 


14 Which CD-ROM might help you solve everyday 
practical problems, B, D, E, or G? 


15 Which one would be of best all-round educational 
value, A, E, I, or K? 
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THE CURSE OF UNEMPLOYMENT 


FIRST THOUGHTS 1 How effective is your government at creating new jobs? 


2 If you were in charge, what action would you take to reduce unemployment а т о щ 
young people? 


WRITING The opinion question - a final look 


X Many countries around the world have problems with unemployment. Young people in 
particular are often unable to find work. What can be done about this problem? 


Imagine that your answer to the question is the one below. You have five minutes to go 
before the end of the exam and now you must check your answer. In pairs, read the 
composition carefully and correct any mistakes you find. 


(1) 
Unemployment among young people is increasing 
constantly. The reason is that industry try to reduce 
the number of employees who are replaced by 
computers or person able to manipulate these 
computers. 


I think the problem is that company look mainly 
after well-qualified people with a lot of experience 
because they expect to make serious business and 
don't give the chance to university students to 
introduce themselves. 


On the other hand in the work area young people 


(2) 
tend to specialise too much in one limited area and 
haven't got any other knowledge. I think students 
should take an orientation that will allow them to get 
several kinds of job and mainly studies in connection 
with technologie, public relatione, commerce and 
social activities. 


Another fact is that student are quickly self-
satisfied. Once they don't get a job in this 
specialisation don't go on looking for another job and 
choose the easier way "unemployment". 


2 Look at this grading system. What grade would be fair for the composition you have 
just checked through? 


GRADE DESCRIPTION 


Excellent Natural English with just a few unimportant mistakes. 
Answers the question thoroughly and appropriately. 


Very good Good use of vocabulary and structure. Range of structure better than simple 
sentences. Mistakes are non-basic. 


Good A simple but accurate answer. Fairly natural English without too many 


mistakes. 


Pass Limited structure and vocabulary. Errors sometimes prevent understanding. 


Weak Vocabulary and grammar are not good enough to answer the 
question properly. No evidence of appropriate writing style. 


Very Poor Answer not long or clear enough to assess. 
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0 Know yoursel f 


Look through the most recent compositions you have 
written and think about these questions. 


1 What are your biggest problems? For example, do 
you do well when you write simply? Do you do 
badly if you try to express complicated ideas? 


2 What are your "favourite" mistakes, for example: 
• spelling? 
• tenses? 
• agreement of subject and number, or person 


and tense? 
• punctuation and problems with handwriting? 


3 In general, what marks would you give yourself for 
your compositions? Be honest! 


4 What should you do in the examination? For 
example, should you try and write simple accurate 
English so that you are able to pass, or should you 
be a little more ambitious? Ask your teacher what 
he or she thinks. 


4 Final advice 


1 Remember - the First Certificate Examination is 
not a philosophy examination. Do not try to express 
ideas tha t are too complicated for your level of 
English. 


2 Do not rush into writing. Spend at least five 
minutes planning your composition. 


3 Leave at least five minutes at the end of each 
composition to check for mistakes. 


4 Write slowly and clearly so that you do not have to 
copy out the composition again. This is a waste of 
time as you may just copy out your mistakes. 
Instead, spend this time checking your work. It can 
be a good idea to write on every other line so that if 
you have to make corrections you can do so clearly 
and cleanly. 


О Write a composition on this topic in 45 minutes: 


Is new technology a blessing or a curse? 


You are going to hear people talking in eight 
different situations. Choose the best answer, 
А, В or C, for each question. 


1 You are in the reception area of an estate agent's. 
How does the man feel? 
A Relieved. 
В Annoyed. 
С Pleased. 


2 You are in an electrical goods shop when you hear 
one side of a telephone conversation. The 
conversation is about 
A a customer complaint. 
В a technical problem. 
С late delivery of an order. 


3 Listen to this woman talking about her son's 
interest in computers. She 
A believes his teacher. 
В thinks the programme is unsuitable. 
С believes games will help him learn quickly. 


4 You are in a department store when you come 
across this man talking to a group of people. The 
man is 
A demonstrating a new product. 
В encouraging people to try something. 
С giving instructions to a new member of staff. 


5 Listen to this advertisement for a radio 
programme. The programme is about 
A history. 
В sports. 
С science. 


6 You are visiting an office when you hear two of the 
staff having a heated discussion. One of them is 
A trying to fix something. 
В angry with a colleague. 
С a technical expert. 


7 In a school staff room you overhear two language 
teachers talking. How does one of the teachers feel? 
A Disappointed. 
В Confused. 
С Worried. 


8 You are in a cafeteria when you hear two students 
at the next table. They are discussing 
A philosophy. 
В a joke. 
С food. 
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USE OF ENGLISH 


1 Read the text and think of the word which 
best fits each space. Use only one word in each space. 


Night had finally come. She knew that by now all the 
humans who worked in the factory (1) have 
gone to their homes in satellite city. She realised that 
she (2) to be careful. The robot guard passed by 
(3) four minutes. As it disappeared around the 
corner, she jumped from (4) the low wall where 
she had (5) hiding and ran along the narrow 
corridor towards the main factory workshop. Her 
hear t was beating (6) fast she was certain that 
the robot guard would be able to hear it. Then, 
(7) before she had time to realise, there in 
(8) of her was the enemy. (9) was the 
monster that had stolen the jobs of half the workforce. 


The computer (10) quite innocent as it stood 
silently in the middle of the office. She walked right 
up to it and (11) herself that she was going to 
teach it a lesson it would never forget. (12) her 
pocket she took a screwdriver and a hammer. 
(13) she approached it, suddenly a strange 
mechanical cry (14) from the front of the 
creature, the lights came on all (15) her and 
the sirens began to wail. 


2 Complete the second sentence so that it has a 
similar meaning to the first. Use the word given and 
between two and five words. Do not change the word 
given. 


1 I haven't been to the cinema for ages. 
s ince 
It's to the cinema. 


2 The garage is servicing my car on Monday. 
serviced 
I'm on Monday. 


3 He couldn't reach the button because it was too 
high. 
low 
The button was him to reach. 


4 They understand more than we do. 
as 
We don't understand them. 


5 "Why don't you apply for the job, Ann?" said Sue. 
should 
Sue suggested for the job. 


6 I haven't seen him for three years. 
t ime 
The was three years ago. 


7 He is extremely rich but very mean. 
fact 
He is very mean is extremely rich. 


8 I didn't know the answer because I hadn't read 
the book. 
would 
If I had read the book the answer. 


9 I don't agree with capital punishment. 
favour 
I'm capital punishment. 


10 I'm sorry; I broke it by accident. 
on 
I didn't ; it was an accident. 


11 Patrick says Gemma is to blame. 
according 
It's Gemma's Patrick. 


12 I'd prefer us to go to the cinema. 
we 
I'd to the cinema. 


13 Somebody needs to tell him. 
told 
He someone. 


14 She was so bored by the lesson she fell asleep. 
boring 
It was lesson that she fell asleep. 







15 Bob stills finds his new contact lenses 
uncomfortable. 
used 
Bob his new contact lenses yet. 


16 His mother never let him go out. 
al lowed 
He out. 


17 It doesn't need to be finished this evening. 
f inish 
It isn't this evening. 


18 He has probably spent all the money he won. 
l ikely 
He spent all the money he won. 


19 She didn't want to join in the dancing at the party. 
take 
She didn't want the dancing at the party. 


20 You had better not touch that switch. 
would 
If I touch tha t switch. 


21 This fruit is a new experience for me. 
t ime 
It is the this fruit. 


22 What a pity I broke the vase. 
wish 
I the vase. 


23 Remind me to water the plants. 
forget 
Don't let the plants. 


24 As I see it, someone should tell her the truth. 
in 
She should be opinion. 


25 I'd rather you didn't smoke in here. 
mind 
Would in here, please? 


26 The accident injured a lot of people. 
number 
A people were injured in the accident. 


27 It was the most embarrassing experience of my 
life. 
so 
I had never before. 


28 If you're not sure how to spell the word, consult 
the dictionary. 
up 
You should a dictionary if you're not 
sure how to spell it. 
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29 Very few people knew the full story. 
k n o w n 
The full story many people. 


30 As the town council's representative I would like 
to welcome you. 
behalf 
I'd like to welcome you the town council. 


31 You'd better take an umbrella. It might rain this 
evening. 
case 
Take an umbrella this evening. 


32 We couldn't find a parking space anywhere. 
find 
We weren't to park. 


33 We were given the directions by Paul. 
w h o 
It the directions. 


34 They were still walking after two hours. 
been 
They two hours. 


35 The bus comes in two hours; let's have lunch 
before it comes. 
in 
The bus comes in two hours; , let's have 
lunch. 


36 The job was too badly paid so she didn't accept it. 
down 
She it was too badly paid. 


37 I took my overcoat but it wasn't necessary. 
taken 
I my overcoat. 


38 The film wasn't worth seeing. 
t ime 
The film was a complete 


39 Who is looking after the children this afternoon? 
of 
Who is the children this afternoon? 


40 They climbed out of the room using some 
bedsheets. 
means 
They climbed out of the room some 
bedsheets. 


41 They believe the criminal has had plastic surgery. 
bel ieved 
The criminal plastic surgery. 


42 He plays the piano and sings beautifully too. 
play 
Not piano but he also sings beautifully. 
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INTRODUCTION 


This guide aims to help with your final examination preparation. You must become 
completely comfortable with the question and task types and the most effective 
techniques and examination skills for satisfying them. The guide contains reference 
material, examination advice and opportunities for examination practice. In the final 
phase leading up to your examination you will probably be working through practice 
tests. Make sure that you have a quiet place where you can concentrate and work to 
strict time limits. 


Paper 1 READING 


The reading paper is divided into four parts, each with its own text/s and accompanying 
tasks or questions. You have a lot to read and many tasks to complete in a limited time. 
Choosing an appropriate reading style for each part which will make it possible to 
complete the tasks in the time available. 


1 Read the descriptions of appropriate styles and answer the questions underneath (2). 


• skimming/reading for gist - a rapid reading style used to extract the main idea or 
ideas of a passage. 


• scanning - a rapid reading technique where you want to locate specific pieces of 
information. 


• intensive reading - a slow, careful reading of the text or parts of the text with a high 
degree of understanding. We may often read this way when we want to find meaning 
and attitude which are not stated overtly. 


2 What reading style would you be most likely to use if you were doing the following? 


• looking up a number in a telephone book. 
• reading a thriller at the beach or on a journey. 
• trying to understand the handbook of a new and expensive camera. 
• looking through a novel for a quotation. 
• studying a usage note in a dictionary or grammar book. 
• reading the first pages of a paperback in a bookshop to see if it interests you. 


3 You answer questions by completing an 
answer sheet like this. Transfer your answers to 
the answer sheet after completing each part. 
NEVER wait to the end as you could run out of 
time. 
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Part 1 MULTIPLE MATCHING 
(Matching headings or topic sentences to texts) 


Turn to the examples on pages 10-11 and 106-107 
This tests how well you understand the gist (overall 
meaning) and the main points of the text you are 
given. It requires a more rapid, less intensive reading 
style. Usually, it is not important to have a detailed 
understanding of the text. Do not spend time trying 
to understand the meaning of every part of the text 
or every word within it. 


Recommended procedure: 


1 Quickly skim the text to get a general idea of what 
it is about. Don't try to answer the questions 
immediately. 


2 Carefully read the headings and look for clues in 
the text e.g., synonyms, reference words, etc, to 
match. 


3 Try to identify the extra sentence or heading you 
do not need. 


4 Match the headings to the gaps. Start with the 
ones which are obvious and leave the more difficult 
ones to last. A poor choice or "guess" early on will 
cause problems later. 


Part 2 MULTIPLE CHOICE 


Turn to the examples on pages 50-51 and pages 
64-65. 
In this part you have to answer seven or eight 
multiple choice questions based around a text. 
You will mostly have to read both text and questions 
carefully and intensively. Some of the differences 
between the choices can be very small. This question 
is as much to do with understanding the questions as 
the text! Make sure you do not spend too long on this 
part. 


Recommended procedure: 


1 Quickly skim the text to get a general idea of what 
it is about. Don't try to answer the questions 
immediately. 


2 Read the questions which accompany the text 
carefully and closely. 


3 Isolate the parts of the text that each of the 
questions belongs to. A highlighter pen is useful 
for this. 


4 Methodically work your way through each choice 
for each question making sure tha t you do not 
jump to conclusions. Answers that can appear 
"obvious" may be wrong. Read both text and 
questions intensively. 


If the answer is not apparent then you may have 
to make your choice through a process of 
elimination, i.e. "it can't be A because " See 
page 65 for a detailed analysis of how multiple 
choice questions work. 


5 Transfer your answers to the answer sheet. 


Part 3 GAPPED TEXT 


Turn to the examples on pages 74-75 and pages 
142-143. 
This is where you have to match missing sentences or 
paragraphs to gaps in a text. 
This is a challenging question and requires you to 
consider carefully the structure of the text and to 
follow closely the logic and arguments it presents. 
Read the text and explanations on page 16-17 once 
again to remind yourself of what the task involves. 
Pay particular attention to how "clues" are identified 
in the text. 


Recommended procedure: 


1 Quickly read the text through for a general 
understanding. Don't get stuck on the meaning of 
individual words and phrases. 


2 Read the text again and make your initial 
selection of which sentence belongs with which 
gap. The best way of doing this is to start with the 
answers which you think are more apparent and 
obvious first. Always read the text on either side of 
the gap intensively and make sure that it fits 
logically and that reference words such as 
pronouns are natural. 


3 Read the sentences/paragraphs which accompany 
the text again and try to identify the extra 
sentence which is there to distract you. 


4 Now you will usually be left with a few sentences 
where you are less sure where they should belong. 
Read the remaining gapped text carefully looking 
for "clues" (see p 16-17) before making a final 
decision. Remember: a wrong choice usually means 
that you get two questions wrong! 


5 Transfer your answers to the answer sheet. 


Part 4 MULTIPLE MATCHING 


Turn to the examples on pages 28-29 and 
pages 158-159. 
This often consists of a number of related texts 
rather than a single text. The most appropriate 
reading style for this part is "scanning" i.e. reading 
rapidly searching for specific information or ideas. In 
this question you usually have a lot of text to read 
but the questions are fairly straightforward and un
complicated. 
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Recommended procedure: 


1 Spend the first minute skimming the text/s to gain 
a general understanding of what it is or they are 
about. 


2 Read the tasks which accompany the text/s. 
3 Scan the texts rapidly, making your selection of 


answers on a separate piece of paper. Do not allow 
yourself to get stuck. If the answer is not apparent 
after say, 15 seconds, then go on and deal with the 
next question. 


4 Transfer your answers to the answer sheet. 
5 With any time remaining pick up any extra points 


you can. If in doubt, guess! Never leave an answer 
blank! 


Paper 2 COMPOSITION 


1 General cons iderat ions 


• You must answer question 1, the compulsory letter 
question, and one other question from Part 2. For 
both questions you must: 


• satisfy the task fully. 
• write within the word limits. 
• select the right "register" i.e. write in an 


appropriate style for the task and your "audience". 
• be reasonably accurate. 
• write within your limitations, i.e. do not be over-


ambitious. 
• write clearly and legibly. 


2 Know yourself 


Look through the most recent compositions you have 
written and think about these questions. 


1 What are your biggest problems? For example, do 
you do well when you write simply? Do you do 
badly if you try to express complicated ideas? 


2 What are your "favourite" mistakes? For example: 
spelling, tenses, agreement of subject and number 
or person and tense, punctuation and problems 
with handwriting. 


3 In general, what mark would you give yourself for 
your composition? Be honest! 


4 What should you do in the examination? For 
example, should you try and write simple accurate 
English so tha t you are able to pass, or should you 
be a little more ambitious? Ask your teacher what 
he or she thinks. 


0 Final advice 


1 Remember the First Certificate Examination is not 
a philosophy examination. Do not try to express 
ideas that are too complicated for your level of 
English. 


2 Do not rush into writing. Spend at least five 
minutes planning your composition. 


3 Leave at least five minutes at the end of each 
composition to check for mistakes. 


4 Write slowly and clearly so that you do not have to 
copy out the composition again. This is a waste of 
time as you may just copy out your mistakes. Spend 
this time checking your work. It can be a good idea 
to write on every other line so that if you have to 
make corrections you can do so clearly and cleanly. 


1 COMPULSORY LETTER 


1 The compulsory letter requires you to complete an 
everyday writing task to achieve a particular aim, 
e.g. to obtain information. Look at pages 19 and 67 
for examples. 


Remember: 
• you have to answer the question fully and take 


into account all the relevant information you have 
been given. 


• English writing is usually direct and to the point. 
It is quite common to state our reasons for writing 
in the first sentence. 


• to adopt an appropriate style. For example, a 
formal advertisement would require a formal reply. 


2i Look at these examples of first sentences. What 
possible continuations do you think they could have? 


More formal/Neutral 
• I am writing to complain about/enquire about /ask 


about/tell you about/inform you of/confirm/cancel/ 
invite you... 


• I am writing in reply to your advertisement which 
appeared... 


• Please could you send me a copy of your brochure... 
• Thank you for your letter asking/enquiring about/ 


agreeing to do... 
• I would like to receive/hear/know/discover/find 


out... 
• I was sorry/disappointed/interested to find 


out/hear/see that... 
• Please find enclosed... 
• Further to your enquiry about. . . 
• Concerning/Regarding/With regard to your 


letter/request/enquiry... 
• I am pleased/delighted/sorry to tell/inform you 


that.... 
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Informal 
• It was lovely to get your letter... 
• This is just a short note to tell you... 
• It was great to hear from you... 
• Sorry for not writing earlier but I've... 


3 Here are some further set expressions which, if 
used correctly, can form a significant part of the 
letter. Match the beginnings of sentences 1-12 with 
the continuations below them. 


1 Incidentally/By the way... 
2 I am writing to complain about... 
3 Guess what? They... 
4 Anyway, that 's all for now but... 
5 You'll be sad to hear... 
6 I look forward to... 
7 I'm sorry for not having written earlier... 
8 It was great news... 
9 Unfortunately I won't be able to come... 


10 Hope to see you soon... 
11 Thank you for your lovely letter it... 
12 Would you like to... 


A because I have to study hard for my 
examinations. 


В about your results. Well done! 
С I'll write again next week. 
D did you know that Marcel is coming to stay? 
E come for dinner next Friday? 
F then we can really catch up on each other's news. 
G really cheered me up. 
H offered me the job! 
I tha t Felix the cat died last week. 
J receiving a satisfactory explanation. 
К the awful service in your restaurant. 
L but I've been incredibly busy. 


Which expressions 
1 state the purpose of the letter? 
2 give apologies? 
3 help you "close" the letter? 
4 give good and bad news? 
5 are useful for formal letters? 
6 help you to change the subject? 


Can you add any other useful expressions to the ones 
listed above? 


NOTE Remember these ways of beginning and 
ending letters: 


Dear Sir/Madam, Yours faithfully 
(You don't write the person's name) 


Dear Mr and Mrs Green, Yours sincerely 
(you write the person's title followed by their 
surname.) 


Dear Simon,/ Miss Jones, Best wishes. 
(For a fairly close friend or someone you know quite 
well.) 


Dear Mum,/Julie, Lots of love 
(For a member of the family, boyfriend or girlfriend. 
It is common for female friends to end a letter with 
Lots of love; it is usually more appropriate for male 
friends to end with Best w ishes or All the best.) 


4 Write the fol lowing letters 


1 You have been invited to an old friend's birthday 
party. Write a letter explaining why family 
obligations prevent you from coming. Give some of 
your own news and suggest an arrangement for a 
future meeting. 


2 Recently a friend gave you the name of an agency 
which specialises in organising working holidays 
abroad. This autumn, you would like to spend a 
month picking apples on an English farm. Write to 
the agency for further information and an 
application form. Give brief details about yourself 
and why you are interested in this type of work. 


Style and vocabulary 


1 We can make letters more or less formal through 
our choice of vocabulary and the expressions we use 
e.g. reply (formal) and answer (neutral). 
Match the formal words in the first box with their 
more neutral equivalents. Can you think of any other 
pairs like these? 


Formal 
a. receive/obtain/acquire b. further с regret 
d. telephone e. search/seek f. supply /provide 
g. request h. commence i. enquire j. attempt 
k. available 1. require m. convenient/possible 
n. resolve o. assistance p. inform 
q. dissatisfied r. purchase 


Neutral 
1 tell 2 ring/call/phone 3 be sorry 4 another 
5 free 6 help 7 ask about 8 look for 9 fed up 
10 need 11 buy 12 OK 13 give 14 ask for 
15 solve 16 get 17 begin 18 try 
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2 Study the differences between the formal 
expressions and their more neutral or informal 
equivalents. 


1 I would appreciate it if you could -> Please could 
you 


2 I look forward to your reply -> I am looking 
forward to your answer 


3 I was most dissatisfied to receive your bill... I was 
really fed up when I got your bill. 


4 Should you require further assistance do not 
hesitate to telephone me .-> If you need any more 
help just call me. 


5 With reference to your letter/Regarding your 
letter-> In reply to your letter 


0 "Translate" these formal sentences into more 
neutral English. 


1 I would appreciate it if you could supply me with a 
further copy of your computer manual. 


2 I am seeking summer employment in the tourist 
industry. 


3 With reference to your letter of last month, I regret 
to inform you that we are unable to meet with your 
request for a refund of school fees. 


4 Should you require any additional information do 
not hesitate to telephone our office. 


NARRATIVE COMPOSITION 


In Part 2 there is often an opportunity to write a 
narrative composition. 
To write a good narrative composition you need to: 
• answer the question showing that you have a clear 


understanding of your "audience", i.e. who you are 
supposed to be writing for. 


• show the examiner that you can use a variety of 
narrative tenses. 


• produce well organised, linked and logical work. 
• be interesting. 


1 Narrative tenses 


Test yourself by trying to remember which form 
1 is like the past in the past. 
2 is used to describe simple facts and states. 
3 sets the scene. 
4 is used for events which follow a clear 


chronological sequence. 
5 describes what was going on before an 


interruption. 


Now check if you were right by turning to Unit 4 
Storytelling pages 46-47, where this area is examined 
in depth. 


2 Analysis 


On page 56 there is this "model" composition: 
Write a story ending with the words "We never saw 
him again". 
Read the answer carefully and analyse when and 
why each narrative tense is used. Use the notes on 
the following page and those on pages 46-47. 


3 Consolidation 


Complete the passage by changing the verb in 
brackets into an appropriate past tense narrative 
form. 


I shall never forget the time my wife and I 
(1) (take) the night ferry back from France. 
We (2) (decide) on a night crossing some 
months earlier so we (3) (have) an extra day. 
On the last day we (4) (get) up early and 
(5) (set off) on our long drive. Although it 
(6) (rain) slightly we (7) (not care) 
because we (8) (have) beautiful weather for 
the past three weeks. However, we (9) 
(drive) through Poitiers when we (10) (have) 
a puncture. We (11) (have to) take all our 
luggage out to get the spare tyre from the bottom 
of the boot. 
After we (12) (drive) the rest of the day we 
finally (13) (arrive) at the port just before 
the ship's departure. We (14) (look forward 
to) a good night's sleep but they (15) 
(already give) our cabin to someone else because 
they (16) (think) we (17) (not going to 
come). There (18) (be) nothing to do except 
try to sleep in the lounge. Unfortunately, earlier 
that day the English rugby team (19) (win) a 
rare victory over the French. While we (20) 
(try) to sleep, the English supporters (21) 
(celebrate) noisily for the entire voyage. When we 
(22) (land) in England five hours later we 
(23) (not sleep) a wink. 


4 Extension 


Turn to page 49 where there is the outline of the story 
of Prince Llewellyn and his faithful dog, Gelert. After 
it there are questions which helped you to expand the 
story and make it more interesting. Invent similar 
questions yourself which will help you to expand the 
story in exercise 3. 
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5 Verb tables 


It is essential that you know the forms of irregular 
verbs in English. Mistakes with these can make a 
terrible impression and cost you marks. 
Study the list of irregular verbs on page 216-217. 
They are grouped into "families". With a partner, test 
each other on their forms and spelling. 


DISCURSIVE COMPOSITION 


In this kind of composition you are usually asked to 
set out your ideas about an issue or to consider it 
from different points of view. This is often done 
within the context of writing a short article for a 
magazine or newspaper. We looked at this on page 25 
and page 61. With this kind of composition, planning 
and organisation are essential. It is important to 
remember tha t successful compositions are the result 
of a process. Writers usually do something like this: 


think about the title 
write down a few ideas and words 
prepare a simple plan 
prepare a first draft 
change some ideas/remove some old ones - add new 
ones/re-order 
prepare a second draft 


In the examination you may not have time to write 
completely different drafts. This means it is better to 
write on every other line (every second line) so that 
you can make corrections and changes without 
making your answer impossible to read. 


ANSWERING THE QUESTION 


1 Sett ing out ideas 


Turn to page 87 and have another look at the reading 
passage "The Curse of the Motor Car". The writer 
organised it like this: 


Notice the rhetorical question : "Which side is right?". 


3 Discuss ing and balancing each point in turn 


A third way of tackling this kind of question is to 
discuss the plusses and minuses of each point as you 
go through. This can lead to long and complicated 
sentences so only use it if you are very confident. 


4 Key express ions for the opinion quest ion 


Ordering points and reasons: 
First of all, Firstly, To begin with 
Secondly, Next... 
Lastly, Finally 


Adding new, and perhaps surpris ing 
information: 
As a matter of fact... 
In your letter you claim the teacher had not been 
trained. As a matter of fact, Miss Greene is the most 
qualified member of staff. 


Being Brief: 
In brief, ... and so on. ... and so forth 
We all know it is cruel to keep animals in zoos: they 
are taken from their natural habitat, live in cramped 
conditions and so on. 


Concluding and summarising: 
To sum up, On balance, In conclusion, All in all, 
In a nutshell, In short 


There are other things you should notice. 
• the way the first sentence of each paragraph tells 


us its topic. 
• the way that the writer uses questions ( we call 


them rhetorical questions) to help develop the 
arguments in the essay. Asking rhetorical 
quest ions, where you already know the answer, is 
an efficient way of dealing with different points. 


2 Balancing ideas 


Turn to page 122 and read the "model" essay which 
discusses the fur trade. The writer organises it like 
this: 
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Re-formulating: 
In other words. 
The police were completely ignorant of the facts of the 
case. In other words, they had no idea of what had 
really happened. 


Saying and: 
And, In addition, What's more, Furthermore 


Generalis ing: 
In general, By and large, On the whole 


Referring: 
Regarding..., As regards... 


Giving examples: 
For example, For instance, Let's take X as an example 


Saying but'. 
But, while, however, although, even though, despite, 
despite the fact that, nevertheless 
Make sure tha t you turn to page 119 and check that 
you really understand the important grammatical 
differences between these forms. 


Other expressions: 
After all... -> This means "don't forget" and we often 
use it to introduce an important point. 
She is very young to go away on a school camp. After 
all, she is only twelve years old. 


There again -> This is used to contradict something 
we have just said and often returns us to an earlier 
point. 
She is very young to go away on a school camp. After 
all, she is only twelve years old. There again, the 
experience will help her to become a little more 
independent. 


The thing is -> We often use this expression to 
introduce a fundamental, crucial point. (Often 
spoken.) 
I know you would like to offer him the job but, the 
thing is, I just don't trust him. 


Paper 3 USE OF ENGLISH 


Parts 1 and 2 GAP FILLING 


Part 1 GAP FILLING (MULTIPLE CHOICE) 


Part 1 tests your knowledge of vocabulary and 
grammar through gap filling based around multiple 
choice vocabulary items. 
Refer to pages 14-15 to remind yourself of what this 
question tests. 


In Part 2, you have to complete a text with fifteen 
gaps using your own resources. 
Both parts test similar things although there is more 
of an emphasis on vocabulary in Part 1. 
With both parts it is essential that you read the 
entire text through for comprehension before 
attempting an answer. Challenging areas that both 
parts test are phrasal verbs and prepositional 
phrases. With a partner, study the list of phrasal 
verbs and information on prepositional phrases and 
dependent prepositions on pages 209-211 and 215-
216. 


Part 2 GAP FILLING (CLOZE TEST) 


This is an extremely challenging question because it 
can test anything! 


Syntax , i.e. sentence patterns and verbs. 
Adjectives and verbs with dependent prepositions. 
Prepositional phrases. 
Particles and stems of phrasal verbs. 
Conjunctions. 
Quantifiers. 
Articles. 
Prepositions. 
Auxiliaries. 
Adverbs. 
Personal and possessive pronouns and adjectives, 
relative pronouns and question words. 


Study page 25 and revise the exercises on pages 41 
and 71. 


DO 
• read the text for a general understanding. 
• look at the words on either side of the gap. 
• develop your awareness of the types of word 


which are often missing. 
• practise this type of exercise often. 


DON'T 
• try to fill in anything until you have read 


through the text. 
• get stuck on one gap. Move on to the next. 
• expect a lot of nouns or main verbs to be 


missing. 
• spend too long on this question! 
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Now fill in the numbered blanks in these two passages. Use one word only for each space. 


Recently the company (0 )where I work started to use a computer to record (1) 
the phone calls which were being made. The manager believed (2) employees 
were making long-distance calls (3) the firm's expense. One of (4) 
computer's first victims was a night cleaner. She (5) been having long 
conversations (6) her relatives overseas. However, the greatest success was 
(7) the building was broken (8) and valuable computing equipment was 
stolen. The following morning someone had the (9) idea of printing out a list of 
all the numbers (10) had been rung on that night. There was (11) one - to 
a taxi company which had sent a cab to (12) up a smart-looking businessman 
and a (13) of office equipment. The businessman had explained to the driver 
that he had (14) working late and that he needed to take the computer home. 
The driver was (15) to remember where the thief lived and eventually led the 
police to him. 


A pet shop owner had a parrot (0).£Р.!£П. once belonged to an old sailor. As you can 
(1) imagine the parrot had an extremely rich vocabulary which is (2) it 
was kept hidden away in the back of the shop. 
Eventually, one day an old lady asked if she (3) buy it. Her husband had passed 
(4) and she felt very lonely. The owner saw this was a marvellous opportunity to 
(5) rid of it. However, (6) a decent and honest man he told her all (7) 
it. She refused to be (8) off and the bird was sold. Hardly (9) it arrived in 
her sitting room than it said the (10) awful words the woman had ever heard. 
(11) wasting a second she took it to the kitchen and shut it in the freezer. When 
it had got used to the darkness it saw a chicken plucked and (12) for the oven. 
"Oh no," thought the parrot, "You (13) have said something really bad; I'd better 
be more careful in future!" The old lady (14) rescued the half-frozen bird and 
they spent many happy years together. The parrot, of course, (15) said a rude 
word again! 


Part 3 KEY WORD TRANSFORMATIONS 


Study the exercises on pages 13 and 20 to review what this part of the test involves. 
Prepositional phrases and verb/noun collocations are likely to be tested as well as 
grammar. 


Some dos and don'ts 


DO 
make sure the meaning of the second sentence is the same as the first. 
make sure that you include all the information of the first sentence in the second. 


DON'T 
change the word in bold in any way. 
exceed the number of words allowed. 
add any extra information. 
change the tense in active/passive transformations. 
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Paper 5 SPEAKING (INTERVIEW) 


1 Examinat ion format 


In most cases the speaking paper is conducted in 
pairs of candidates, i.e. two candidates at a time. 
There are two examiners (both of whom give marks): 
an interlocutor who conducts the test and asks 
questions; and an assessor who listens. The speaking 
paper is divided into four parts. 


Part 1 PERSONAL INFORMATION 


The interlocutor asks questions to obtain personal 
information about the candidates. 


Part 2 DISCUSSING PHOTOGRAPHS 
Each candidate is given two photographs to discuss. 
Candidates discuss the photos and the general topic. 
Candidate A has two photographs around one topic 
and candidate В two photographs around a different 
topic. Each candidate will also be asked to comment 
briefly on the other candidate's photographs. 


Part 3 COMMUNICATIVE TASK 
Candidates work together to complete a task based 
around picture prompts. 
Tasks include planning, problem solving, prioritising 
and speculating. 


Part 4 DEVELOPMENT 
The interlocutor joins in and encourages candidates 
to extend and develop the discussion they began in 
Part 3. 


2 Assessment 


Candidates are assessed on the following: 
• Linguistic resource (e.g. Grammar, Vocabulary) 
• Pronunciation. 
• Fluency 
• Interactive communication 


3 A sample examinat ion 


We are going to run through an entire imaginary 
interview. The candidates working together are Ana 
from Cordoba in Spain and Olivier from Orleans near 
Paris. 


PART 1 


INTERLOCUTOR: Good afternoon. Could I have your 
mark sheets please? Thank you. (Hands over mark 
sheets to the assessor.) My name is Rachel Brown 
and this is my colleague Peter Black. He is just 
going to be listening to us. So you are Ana and 
Olivier, aren't you? 


ANA AND OLIVIER: Yes, that's right. 
INTERLOCUTOR: NOW, do make yourselves comfortable. 


First of all I'm going to ask you some questions 
about yourselves. Right, so let's start with Olivier. 
So, Olivier, where are you from? 


OLIVIER: From near Paris, Orleans. I don't know if 
you know it? 


INTERLOCUTOR: Oh yes. I went there once a long time 
ago. And what is it like? 


OLIVIER: Orleans is a nice city. It is important for 
business and a lot of people travel each day to Paris 
to work. And of course it is important for tourism. 
It is famous for Jeanne D'Arc... Joan of Arc you 
say... 


INTERLOCUTOR: Yes. Right, right... And Ana. You're 
from Spain, aren't you? 


ANA: Yes that's right. From Cordoba in the south. 
INTERLOCUTOR: Mm, lovely. Yes, I've been there many 


times, lovely. And what do you do there Ana? 
ANA: Well, I am a student. I am studying psychology 


at university in Seville, which is a big city near 
Cordoba. 


INTERLOCUTOR: Psychology ! That's interesting. And 
what do you plan to do when you graduate? 


ANA: I am not sure yet. But perhaps I will try to work 
in a hospital. 


INTERLOCUTOR: And Olivier, what are your plans for 
the future? 


OLIVIER: Well. I have just finished high school and I 
would like to continue my studies and go to 
business school. 


INTERLOCUTOR: I see, why is that? 







Reviser Guide 


OLIVIER: Well, eventually I would like to get a job as a 
lawyer or something like that. 


INTERLOCUTOR: I see. And what do you both do in your 
free time? 


ANA: Well, I don't have much free time because I have 
to study a lot and I have a part-time job as a 
waitress in a restaurant . But I like to play tennis 
and see my friends. I also go dancing a lot and 
practise traditional Spanish dancing.. 


INTERLOCUTOR: Sevillanas? 
ANA: Yes, that 's right. 
INTERLOCUTOR: That must be very interesting. And 


Olivier, what about you ? 
OLIVIER: I am keen on sport, I like to go windsurfing. I 


also like to take part in plays and act. 
INTERLOCUTOR: Oh really! Right, I think we are ready 


to move on to the next part of the examination... 


PART 2 


INTERLOCUTOR: I'd like each of you to talk on your own 
for about a minute. I'm going to give each of you two 
different photographs. Here you are, Olivier, here 
are your two photographs. Please let Ana see them. 
They show different places where you can listen to 
music. (Hands over picture sheet.) Ana, I'll give you 
your photographs in a minute. Right, Olivier, I'd 
like you to compare and contrast these photographs. 
Which event would you rather go to? Remember, 
you only have about a minute for this, so don't 
worry if I interrupt you. 


OLIVIER: Let me see, right. Well, they are both erm 
concerts. The first one is, I think, some kind of 
classical concert. The other one is a rock concert. It 
is in a park, on a hot summer's day. I think I prefer 
this one of the erm classical concert. I prefer 
classical music to pop music. 


INTERLOCUTOR: And why don't you like the other one 
as much? 


OLIVIER: I do not like the other one at all. It looks too 
crowded. In the background there is the stage but it 
is very far. It reminds me of the time I went to a 
concert like this. There were thousands of people 
and it was impossible to see anything. 


INTERLOCUTOR: Right, right. Thank you Olivier. What 
about you, Ana, which event would you rather go to? 


ANA: Well, I think I would prefer the pop concert. It 
looks a lot more fun. The other one is too formal and 
serious. 


INTERLOCUTOR: Thank you. Now, Ana here are your 
photographs. Please let Olivier see them. They 
show people doing different jobs. 
(Hands over picture sheet to Ana.) 


INTERLOCUTOR: I'd like you to compare and contrast 
these photographs, saying what you would find 
attractive or unattractive about each job, in other 
words what its positive and negative aspects are. 
Remember, you have only about a minute for this, 
so don't worry if I interrupt you. All right? 


ANA: Mm. Let me see. This first one looks like a kind 
of scientist. In the foreground there is a lot of 
apparatus... She is doing an experiment, I think. I 
think it must be worthwhile to be a scientist and to 
do research and find cures for illnesses. But I am 
not very good at physics or biology and I think it 
could be a lonely job. The other person looks like a 
businessman or erm stockbroker. He looks very 
busy and there are other people in the office . I 
imagine the job can be exciting, but perhaps very 
stressful too. All the same, I think I would rather b 
in the busy office. 


INTERLOCUTOR: Thank you, Ana. And what about you, 
Olivier, which one would you prefer? 


OLIVIER: I think I agree with Ana. I wouldn't like to b 
a scientist. I think it would be more interesting to 
be a businessman, I like to have contact with other 
people. 
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PART3 


INTERLOCUTOR: Now I'd like you to do something 
together. I'd like you to imagine that you have won 
first prize in a competition. It's a two week holiday 
in one of the places shown here. So just have a look 
at the pictures... 
(Hands over picture sheet.) 
I'd like you to talk to each other about three of 
these places. Say what they have to offer and how 
you would spend your time if you went there. 
Afterwards, say which you would choose. It is not 
necessary to agree with each other. All right? You 
only have about three minutes for this, so, once 
again, don't worry if I stop you and please speak so 
tha t we can hear you. So if you'd like to begin... 


ANA: Right...let me see. There are lots of different 
holidays. There is one in the mountains, and 
another one, is it in India? 


OLIVIER: Yes, I think so, and one on a tropical island, 
it could be Jamaica or somewhere like that. This 
one looks interesting. It's a pyramid, isn't it? 


ANA: Yes. Isn't it one of the erm Mayan ones? From 
Mexico I think. 


OLIVIER: Yes, I think you're right. And this last one. It 
looks like New York. 


ANA: Manhat tan. 
OLIVIER: That's right. Anyway. What do they have to 


offer? Well, shall we look at New York first? 
ANA: Yes. Well there are lots of museums and parks, 


and of course we could go shopping, there are some 
very famous stores. We could also practise our 
English. 


OLIVIER: That's true. It is supposed to be quite 
dangerous isn't it? I don't think I would go there for 
a two week holiday. 


ANA: No, neither would I. I like to relax more. Maybe 
for a long weekend. What about this one? The erm 
island holiday would be good for sunbathing and 
swimming. 


OLIVIER: I agree, but don't you think it could be 
boring? In my opinion there are places which are 
just as nice in Spain and the south of France. 


ANA: Yes, you're right. Where do you think we should 
go? How about this one? 


OLIVIER: You mean the one of Mexico. Yes it could be 
very interesting. I have never been to that part of 
the world. I am interested in archaeology and 
ancient civilisations. 


ANA: Me too. There is also a lot of culture and folk
lore I think. We would be able to buy some 
interesting souvenirs. And we could always go to 
the beach as well. What about India, though? I 
mean, I have never been there and they speak 


English too and the culture and people are very 
interesting. 


OLIVIER: Mm... you're right but I think I would rather 
go to Mexico because... 


INTERLOCUTOR: I'm sorry I am going to have to 
interrupt you... 


PART 4 


INTERLOCUTOR: ...So did you manage to agree on 
where to go? 


OLIVIER: I'm not sure, I think we agreed to go to 
Mexico but then Ana changed her mind. 


ANA: Yes. I would like to go to Mexico but I was about 
to say I would rather visit India. After all they 
speak English there so that would be a different 
language for me too. There again, Mexico would be 
interesting. 


INTERLOCUTOR: I see. Anyway, as I said you didn't 
have to agree. What I'd like to do now is to talk 
about holidays in general. How important do you 
think they are, Olivier? 


OLIVIER: Very. I mean, in France everybody has a long 
holiday in the summer and I think it is very 
important to have a break from work. 


ANA: I agree. It is also a good thing to go away too. 
INTERLOCUTOR: Yes... And when you go away do you 


think it is it better to go on holiday with your 
friends or with your family? 


OLIVIER: Ha ha! A difficult question. You can be freer 
if you go away with your friends but with your 
parents it is less expensive. 


ANA: Yes, that 's right. When I was about fifteen or 
sixteen I used to have lots of arguments with my 
parents about what to do. 


INTERLOCUTOR: And is it different now. I mean have 
things improved? 


ANA: Oh yes. Usually I stay with them for a while but 
I also have a holiday with friends. 


OLIVIER: I think I am lucky because my parents give 
me a lot of freedom. 


INTERLOCUTOR: And what are the bad things about 
going on holiday? 


OLIVIER: The bad things? Well, being ill, I suppose or 
losing your money. 


ANA: And also the arguments. It is terrible if you go 
on holiday and you don't get on with the other 
person or people. 


OLIVIER: I couldn't agree more. I went away with a 
friend from school once and we argued all the time. 
After the holiday we weren't friends again. 


INTERLOCUTOR: Oh dear! That's quite common, I 
think. And finally, if you could go anywhere in the 
world for a holiday where would it be? 
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ANA: Anywhere in the world? Well, that 's difficult. I 
think I would go to Australia maybe, or New 
Zealand, I have always wanted to go there ever 
since I was a child. 


INTERLOCUTOR: Oh really! Why's that? 
ANA: I think I was fascinated by the idea of all the 


different animals you get there. 
INTERLOCUTOR: And what about you, Olivier? 
OLIVIER: Well, there are so many places I would like to 


visit. But Nepal and the Himalayas I think. There 
is still a traditional way of life there and I would 
like to experience it before it disappears. 


INTERLOCUTOR: Well, thank you very much. That's the 
end of the test! 


4 C o n v e r s a t i o n a l s t r a t e g i e s 


Here is a list of expressions and strategies you may 
find useful for managing your interview. The 
examiner will probably use polite forms to ask you to 
perform tasks. It is important that you familiarise 
yourself with these. 
E.g. Begin! 
Would you like to begin. • 
If you'd like to begin now. • 


Signal l ing y o u a r e r e a d y t o s t a r t 
OK. Well... Right... 
Shall I/we begin? Are you ready? 
"Right, Sylvia... Shall we begin?" 


Talking about poss ib i l i t i es 
We could... 
"Well, we could put the TV in the corner and have the 
sofa under the window." 


C h o o s i n g a c o u r s e of a c t i o n 
We should/we ought to... I think we should/ought to... 
We had better... I think it is better if... 
"Well, first of all I think we should make a list of 
guests. After that we ought to phone them to see what a 
convenient time for the meeting would be..." 


Playing for t ime 
Well, Er..., Let me see... Mmm... 
Make sure you don't use hesitation words or sounds 
from your own language. They can sound strange in 
English! 


M a k i n g cho ices 
I prefer tea to coffee. 
I'd ra ther have tea than coffee. 
I'd rather we had tea than coffee. 
We tend to use prefer for statements about our 
general preferences and would rather for situations 
where we are making a real choice: 
"In general I prefer meat to fish but I'd rather have 


fish this time." 


E x p r e s s i n g s u r p r i s e 
Wow! Really! Goodness! 
What a surprise! 


E x p r e s s i n g s y m p a t h y / d i s a p p o i n t m e n t 
Oh dear. What a pity. Poor you. 
Never mind. 


M a k i n g sugges t i ons 
Why don't we do this? 
How about doing this? 
Let's do this. 
We could always do this. (As a last resort) 


Giv ing o p i n i o n s 
I think, Personally, In my opinion, As far as I'm 
concerned, As I see it, 


Giv ing s o m e o n e else 's op in ion 
According to... 


Ask ing for sugges t ions a n d feel ings 
What do you think? How do you feel about this? 
What do you think we should do? 


A g r e e i n g 
I (quite) agree, Absolutely! I couldn't agree more. 
So do I/1 do too. (See page 23 in Unit 2 for a full 
examination of short replies.) 


R e q u e s t i n g a n d g e t t i n g peop le t o d o t h i n g s 
Could you/ Would you... Would you mind... 
"Would you begin the task1?" 
"Would you mind beginning the task?" 
NB Look at the answers to the questions. 
"Can I ask you a personal question?" 
Of course, go ahead. (It's OK) 
" Would you mind if I asked you a personal question?" 
Of course not, go ahead. (It's OK) 


Offer ing /order ing 
Would you like some more time/another minute? 
Would you like to begin now? (A polite order the 
examiner may use.) 
Do you think you could stop now? =Stop now! 


Ask ing for p e r m i s s i o n 
May I... Can I... Is it all right if... Do you think I 
could... 
"Is it all right if I / Do you think I could have a few 
more seconds to think ?" 


D i s a g r e e i n g 
I don't agree, I (completely/entirely) disagree. 
Yes but... I see your point but... 
Conf i rming Yes, That's right... 


C o n t r a d i c t i n g 
Actually... In fact.... 
You're French, aren't you? Well, actually I'm Swiss. 
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Asking for clarif ication/repetit ion 
What do you mean? 
Could you explain/say that again? 
Do you think you could explain say that again? 
Would you mind saying/explaining that again? 


Re-formulation 
In other words... 


Saying you understand/ don't understand 
I understand, I see. Ah! 
I'm sorry I don't understand. Sorry I don't follow 
you... 


Re-capping what has been said 
So, what you're saying /suggesting is... 
Are you saying/suggesting that... 


Apologising 
I'm sorry, I'm afraid. 
"I'm sorry, I didn't catch what you said. Would you 
mind repeating it?" 


Interrupting 
Can I interrupt/say something? 
Do you think I could interrupt/come in there? 


Speculat ing 
It might be, It could be, Perhaps, Maybe, 
I'm not quite sure... 
NB Candidates tend to overuse "maybe". If you can, 
use other forms of speculating: 
I'm not quite sure what it is. It could be a scene of 
London, there's a title at the bottom... I can't quite 
make it out. Perhaps it is a picture of Paris. 


Making guesses 
It must be/It can't be 
NB The opposite of "must be" is "can't be". 
He mustn't be English he has a funny accent. 
He can't be English he has a funny accent. • 


Describing 
Although you are not required to describe the 
photographs you are given, you may wish to refer to 
them in the interview. 
It looks... It looks like... It looks as if... 
It looks old. 
It looks like an old boat. 
It look as if it's old I an old boat.. 


Describing pos i t ion 
In the bottom/top left/right hand corner 
In the foreground/In the background... 
There is a... I can see a... 


Avoiding 
Sometimes you may want to steer away from a topic 
you don't know very much about. 


Well, I don't know much about X but I do know 
something about Y. 
This reminds me of the time when I... 


0 Final advice 


When you are in an interview with another 
candidate, the important thing is not to appear 
passive. There are four other things that you should 
remember: 
1 Don't let the other candidate dominate the 


discussion. Remember you have an equal right to 
participate and show what you can do. Don't be 
afraid to interrupt or take your turn. However, do 
remember that the other candidate has the right to 
participate as well. 


2 Don't automatically agree with everything that the 
other person may say as you will be restricted to 
saying "yes" all the time. Put different points of 
view so that you can occupy some of the speaking 
time. Make sure that you are confident with the 
conversational gambits on page 198. 


3 Be animated! Show that you are following the 
discussion. Nod, smile and show you are actively 
listening to what is going on. 


4 Don't go into the examination "cold". Speak to 
other candidates in English before you are 
interviewed. This will get you operating in English 
"mode" and help you to relax. 







Reviser Guide 


PRONUNCIATION 


USING A DICTIONARY 


A good dictionary not only gives you the meanings of 
words but it also helps you with their pronunciation. 
To use the dictionary effectively in this respect, you 
need to understand the symbols for the sounds 
(phonemes) of English and the system which is used 
for marking stress. 


1 The sounds (phonemes) of Engl ish 


Study the pronunciation table and think of one more 
keyword which will help you to remember the 
pronunciation of each of the sounds. 


from the Longman Active Study Dictionary of English 


• Now check your chosen words in a dictionary. 
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4 Use your dictionary to check how to say the 
following words. 


Key to page 190 


I shall never forget the time my wife and 1(1) took 
the night ferry back from France. We (2) had decided 
on a night crossing some months earlier so we (3) 
would have an extra day. On the last day we (4) got 
up early and (5) set off on our long drive. Although it 
(6) was raining slightly, we (7) didn't care because we 
(8) had had beautiful weather for the past three 
weeks. However, we (9) were driving through Poitiers 
when we (10) had a puncture. We (11) had to take all 
our luggage out to get the spare tyre from the bottom 
of the boot. 


After we (12) had driven the rest of the day, we 
finally (13) arrived at the port just before the ship's 
departure. We (14) had been looking forward to a 
good night's sleep but they (15) had already given our 


cabin to someone else because they (16) thought that 
we (17) were not going to come. There 
(18) was nothing else to do but to try to sleep in the 
lounge. Unfortunately, earlier that day, the English 
rugby team (19) had won a rare victory over the 
French. While we (20) were trying to sleep, the 
English supporters (21) celebrated noisily for the 
entire voyage. When we (22) landed in England five 
hours later we (23) had not slept a wink. 


Recently the company (0) where I work started to 
use a computer to record (1) all the phone calls which 
were being made. The manager believed 
(2) that employees were making long-distance calls 
(3) at the firm's expense. One of (4) the computer's 
first victims was a night cleaner. She (5) had been 
having long conversations (6) with her relatives 
overseas. However, the greatest success was (7) when 
the building was broken (8) into and valuable 
computing equipment was stolen. The following 
morning someone had the (9) clever idea of printing 
out a list of all the numbers (10) which had been 
rung on that night. There was (11) just one - to a taxi 
company which had sent a cab to (12) pick up a 
smart-looking businessman and a (13) lot of office 
equipment. The businessman had explained to the 
driver that he had (14) been working late and that he 
needed to take the computer home. The driver was 
(15) able to remember where the thief lived and 
eventually led the police to him. 


A pet shop owner had a parrot (0) which once 
belonged to an old sailor. As you can (1) probably 
imagine the parrot had an extremely rich vocabulary 
which is (2) why it was kept hidden away in the back 
of the shop. 


Eventually, one day an old lady asked if she (3) 
could buy it. Her husband had passed (4) away and 
she felt very lonely. The owner saw this was a 
marvellous opportunity to (5) get rid of it. However, 
(6) being a decent and honest man he told her all (7) 
about it. She refused to be (8) put off and the bird 
was sold. Hardly (9) had it arrived in her sitting 
room than it said the (10) most awful words the 
woman had ever heard. (11) Without wasting a 
second she took it to the kitchen and shut it in the 
freezer. When it had got used to the darkness it saw a 
chicken plucked and (12) ready for the oven. "Oh no," 
thought the parrot, "You (13) must have said 
something really bad; I'd better be more careful in 
future!" The old lady (14) finally rescued the half-
frozen bird and they spent many happy years 
together. The parrot, of course, (15) never said a rude 
word again! 
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GRAMMAR 


THE PRESENT SIMPLE 


We use the present simple to talk about facts, states, 
habits and routines: 


She is Greek. She comes from Athens. 
He takes the bus at eight o'clock each morning. 
Paul knows Emily. 


We often use adverbs of frequency with the present 
simple. The position of the adverb can vary. 


1 It is placed directly before the main verb: 
He often plays tennis 
He doesn't usually play football. 
Does he ever play tennis? 


2 It is placed directly after the verb to be: 
He is often late. 


3 It is placed after a modal auxiliary and before the 
main verb: 
She can usually play tennis on Mondays. 


always often sometimes occasionally rarely never 
usually seldom 


hardly ever 


While it is possible to use the adverb at the beginning, 
end or middle of a sentence, it is safest to put it as 
suggested above. 


POSITIONS OF ADVERBS 


Initial Medial Final 
always usually usually 
sometimes sometimes sometimes 
occasionally occasionally occasionally 


hardly ever 
rarely/seldom/never 


I usually get up at six o'clock. 
Sometimes I get up at seven o'clock. 
I get up at ten o'clock occasionally, but only if I'm on 
holiday. 


If we want to begin a sentence with the words in bold 
above, then we have to invert the subject and 
auxiliary verb. (See Inversion.) 


The present simple can be used with a future sense 
when we are talking about regular events and 
timetables: 
When does the bus to Glasgow arrive? It arrives at six. 


The present simple is used with verbs which express 
states. 


1 verbs of cognition: know, bel ieve, understand, 
remember, mean. 


2 verbs of possession: own, belong. 
3 verbs which express likes and dislikes: adore, 


love, prefer, hate, detest, loathe. 
4 other verbs: hear, seem, need, want, cost. 


With some verbs we can use either the present simple 
or continuous but there may be some change in 
meaning. 
What do you think about capital punishment? (= what 
is your opinion?) 
What are you thinking about? (= mental activity; 
what's going on in your head?) 


He is a fool. ( = he is a fool all the time - a state) 
He is being a fool. (= he is a fool at the moment) 
We can say 
She is smelling the flowers, he is tasting the wine . 
and The flowers smell nice or the wine tastes good. 
We can't say 


good. 


THE PRESENT CONTINUOUS 


The present continuous is used to describe: 


1 activities which are happening right now: 
He is eating lunch. 


2 planned future events: 
I'm watching TV this evening. (Present continuous 
+ adverbial) 


3 activities happening around now and temporary 
states (contrasting with permanent ones): 
Jenny works in New York but at the moment she is 
living in London. She arrived last month and is 
staying until August. 


4 The present continuous is also used with a lways 
when we want to express annoyance: 
She's always smoking my cigarettes. (I don't like it; 
I wish she would buy her own.) 
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THE PRESENT PERFECT 


The present perfect simple is used to talk about 


1 the unfinished past; i.e. actions that began in the 
past and continue up to the present: 
She has been a doctor for five years, (she is still a 
doctor) 


2 the indefinite past i.e. actions in the past when the 
time is not stated or is left unclear: 
I have been to Morocco, (but I haven't said when) 


3 for recent events: 
Oh no. I've lost my wallet. Has anyone seen it? 
Here is the nine o'clock news. There has been an 
attempt on the president's life. A gunman tried to 
shoot her outside the presidential palace... (The 
information about the assassination attempt is 
news; the next sentence is in the simple past 
because it has a context.) 


4 for recent events where the result is still 
present/visible: 
Wow! You've lost weight. 
You look different. Have you changed your hair? 


5 for experiences up to now; this is often 
accompanied by ever or never: 
Have you ever seen an alligator in the wild? 


6 often with the following adverbs: already, yet, 
just, lately 
Have you done your homework yet? 
Yes, I've already finished it. 


7 with superlatives: 
This is the most interesting book I have ever read. 


8 with "This is the first time..." 
This is the first time I've visited Europe. 
(Compare with : The first time I visited Europe I 
went on a one month bus tour.) 


THE PRESENT PERFECT 
CONTINUOUS 


We use the present perfect continuous 


1 to talk about activities which start in the past and 
continue up to the present (and perhaps into the 
future): 
She has been living in the same house for thirty 
years. 
He's been learning English for seven years. 


2 when we are interested in the activity rather than 
the result: 
He has been writing for twenty years, (activity) 
He has written seven books, (result) 


3 when there is present evidence of an activity which 
started in the past: 
Have you been sunbathing ? (You're like a tomato!) 


4 for repeated actions up to the present: 
I have been ringing that number all morning but 
it's always engaged. 


MODALS 


can could may might must ought to 
shall should will would 


Modals are auxiliary verbs which are used, among 
other things, to talk about ability, possibility, 
obligation, necessity, to speculate, make requests, 
offers and suggestions. 
Modals, particularly could, would and might are 
often used when we want to appear polite or 
tentative or when there is "social distance" between 
speakers. In this section we shall examine modals in 
terms of the individual modal or its "function". 


CAN, COULD, MAY AND MIGHT 


Look at the exercises on page 95 where this area is 
examined. 


Can is used to 
1 express abilities: 


She can play the guitar. 


2 express theoretical possibility: 
Smoking can give you lung cancer. 


3 ask for permission or make requests: 
Can I Could I May I Might I use your phone? 
Can I Could I May I Might you help me? 
For past abilities could or a form of be able to 
and for future abilities be able to are used. 


More specifically could is used to 


1 describe general abilities in the past: 
She could I was able to read when she was three. 
NB We use was able to instead of could when a 
situation allows us to do something or when effort 
is required: 
I drove around for ages looking for a parking space 
and finally I was able to I could find one. 


2 speculate: 
Where is my watch? 
Have a look in the bathroom. It could I'might be 
there. 
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3 to discuss options: 
We could go to Mexico this summer, or there again 
we could go to the States. 


May and might are generally considered to be more 
polite when asking for permission. 


SHALL AND SHOULD 


Shall is almost always used with I and we: 


1 for offers: 
Shall I make lunch for the children today? 


2 to elicit suggestions: 
What shall we do tonight? Any ideas? 


Should is used to give advice or express opinions 
which we think are morally right: 
You should wear a suit at the interview. 
Rich people should help the poor. 


Ought to can also be used and may be stronger: 
You ought to write to your mother. (You haven't 
written for more than a month!) 


Should is also used 


1 to predict expected future events, (not ought to): 
The train should be here in a minute. 


2 to make a guess about something that you are sure 
has happened: 
It's six o'clock. He should be at the airport by now. 


In the past both should and ought take the perfect 
infinitive i.e. the have done form. We often use this 
to express criticism: 
You should have closed the window. 


MUST AND HAVE TO 


Must and have to are both used to express 
obligation. You should make your choice with care. 
Have to is used to describe duties and obligations: 
I have to answer the phone, make appointments and 
welcome guests. 
Must tends to emphasise the authority of the 
speaker. Note must can appear rude and have to is 
usually a safer choice: 
You must wash your hands and face. (Parent to child. 
The parent has the authority to give the child an 
order.) 
I must post that letter, (we say or think this when we 
are angry with ourselves) 
You must see the Mantegna exhibition, (a strong 
recommendation) 


Which one we choose depends on the situation and 
the authority of the speaker. 
Check the exercise on page 62 to remind yourself of 
key differences. 


SPECULATION 


1 Must, might and could can be used for 
speculation; i.e. make conclusions we think are 
correct based on evidence or logic. 
They almost look the same. They must be brother 
and sister. 


2 The opposite of must with this meaning is can't: 
She can't be English because she speaks with a 
French accent. She could /might be Canadian, I 
suppose. 


3 If we are speculating about the past we follow the 
modal with the perfect infinitive, i.e: have done. 
I can't find my house keys. I must have left them at 
George's place. 
The opposite of must have is can't have. 
You can't have left your keys at George's, you 
haven't been there today. 


WILL AND WOULD 


1 For will refer to ways of expressing the future and 
uses of wil l later in this section. 
Would is commonly used as a reporting verb for 
will: 
Peter rang. He said he would call again this 
evening. 


2 In conditional sentences, refer to conditionals in 
this section. 


3 For more polite offers and requests or when we 
wish to appear more tentative: 
Would you like a drink ? 
Would it be OK if I borrowed your dictionary? 


QUESTION TAGS 


1 We use question tags when we wish to confirm or 
check something. A positive statement is usually 
followed by a negative tag; a negative statement by 
a positive tag. The tag uses either the verb to be 
or an auxiliary verb: 
You're French, aren't you? 
You come from France, don't you? 
You've been to America, haven't you? 
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2 Intonation of the tag is important. Remember, it 
does not depend on what is true but what the 
speaker thinks is true. If the intonation falls, the 
speaker believes the statement is correct and is 
just checking. If it rises, it is a more genuine 
question: 
Q: You're from France aren't you? 
A: Actually, I'm from Switzerland. 


Exceptions. 
I'm late, aren't I? (not amn't I) 
Be careful, won't you? (Because it is an imperative 
statement but talking about the future) 
Let's play tennis, shall we? 


USES OF THE ARTICLE 


ZERO ARTICLE 


We do not use the article 


1 with uncountable nouns such as milk, sugar, pasta 
used in a general, non-specific way: 
Milk is good for young children. 
but: 
The milk I bought yesterday had a strange taste.. 
(The particular milk I have just tasted.) 


2 With abstract or concept nouns such as fear, love, 
time, money, employment: 
A mother feels love for her child. 
But: 
Nothing can compare to the love a mother feels for 
her child. (Here we use the article because noun is 
made specific.) 


We use the indefinite article a when we are talking 
about a singular countable noun in a general, non
specific way or when we introduce it for the first 
time: 
There was a car outside the bank. 


We use the definite article the 


1 when something becomes definite or specific 
because we refer to it once more: 
There was a car outside the bank. The car had its 
engine running. 


2 when what we are referring to is common 
knowledge: 
Where's the dog? (the dog which lives in this house) 


3 when something is unique: 
The sun, the Eiffel Tower 


4 for a species: 
The koala bear is threatened with extinction. 


5 with adjectives when we want to refer to a 
category or class of people: 
The old, the disabled, the homeless. 


6 with most geographical names rivers, seas and 
oceans, mountains, regions, and countries which 
have the idea of "of" in them: 
The Nile, the Mediterranean, The Pacific, the 
Andes, the Arctic, the States. 


7 for musical instruments: 
The violin. 
but: 
She was given a violin on her birthday, (because it 
is one particular one) 


8 for some places and amenities when we are 
thinking about them as buildings: 
I'm going to the office. 
She drove them to the swimming pool. 


CONDITIONALS 


ZERO CONDITIONAL 


The zero conditional is used when we state simple 
facts and truths: 
If you touch that switch, a bell goes off. 
If you put ice in the sun, it melts. 


FIRST CONDITIONAL, UNLESS, OTHERWISE AND 
PROVIDED 


We use the first conditional when we think 
something is likely to happen as the result of a future 
event: 
If I we leave soon, we'll get there before it closes. 


We often use time expressions as soon as and w h e n 
in this construction: 
As soon as I when she arrives we'll leave. 


We also use it to express threats and promises: 
If you do that again, I'll call the police. 


We can also use unless to express the idea of if not. 
Unless comes before the condition: 
Unless we leave now we won't find the shop open. 


However, we can't use unless for if not all the time: 
I will be pleased if I don't see her tonight. 
Twill be pleased unless I see her tonight. 


Otherwise comes before the consequence. 
We should I We had better leave now, otherwise the 
shop will close before we get there. 


We use provided when we want to set a strong 
condition: 
I'll take you to the airport provided you pay for the 
petrol. 


See pages 143 and 145 205 
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SECOND CONDITIONAL FORMS OF W I S H 
We use the second conditional when we want to talk 
about an event and outcome which are less likely to 
happen, or which is impossible: 
If I won the lottery, I'd buy a yacht, (...but it's highly 
unlikely) 
If I had blue eyes, I would be happy, (...but my eyes 
are brown and always will be) 


We also use the second conditional when we are 
giving advice or making more polite/indirect 
suggestions or requests: 
If I were you, I'd tell the police everything. 
If I gave you a present, would you give me a work 
permit? (We can also use "suppose" here instead of 
"if".) 


We use the second conditional with many stative 
verbs: 
If you knew my father, you'd like him. 
Not "If you know my father you'll like him." 


THIRD CONDITIONAL 


The third conditional is used to talk about the 
"unreal" past. All events are in the past and nothing 
can be done to change them; however, we imagine 
what the opposite might have been. 
If I had told her the truth, she wouldn't have been 
angry. (But I didn't tell her and she was angry!) 


Pronunciation 
Even though it is rare for native speakers to speak in 
third conditional sentences, when they do they 
include a lot of contractions and weak forms. 
If I'd told her the truth, she wouldn't've been angry. 


MIXED CONDITIONAL 


We use a mixed conditional when we describe the 
consequences of a past action on the present. It is like 
a combination of the third and second conditional: 
If we hadn't missed the bus, we wouldn't be stuck here 
now. (They missed the bus and can't go anywhere!) 


May, might and could can be used in both second 
and third conditional sentences when we are less sure 
about the outcome of an action: 
If she told them the truth we might / could get into 
trouble. 


Wish is used to express regrets, wishes and lost 
opportunities. 
Revise the exercises on page 145 which deal with the 
various use of wish. In many respects, w i sh operates 
like the second and third conditionals: 
I wish I had blue eyes. (But I don't and there is 
nothing I can do to change it.) 
I wish 11 you could play the piano. (But you can't.) 
I wish the train would come soon. (But I don't think it 
will.) 
I wish you would stop smoking those horrible 
cigarettes. (But I don't think you will.) 
I wish I had met you twenty years ago. (But I didn't 
and there's nothing I can do to change this.) 


NOTE If we want to express a wish about ourselves 
then we have to use could: 
I wish I could stop smoking. (Not would.) 


WAYS OF EXPRESSING THE FUTURE 
AND THE USES OF WILL 


In English there are many ways of expressing the 
future. The form we choose depends largely on how 
we view the future event. 


PRESENT CONTINUOUS + ADVERB OF TIME 


I'm seeing Mary tomorrow, (for definite 
arrangements) 


PRESENT SIMPLE 


The train leaves at 7.15 . (for timetables and regular 
schedules) 


GOING TO 


Look at those clouds, it's going to rain, (for predictions 
based on present evidence; you can see the future 
coming!) 
She is going to buy him a pullover for his birthday. 
(for intentions and plans which have usually already 
been decided) 
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THE FUTURE IN THE PAST WITH GOING TO 


We can use was /were go ing to do something to 
talk about something we intended or planned to do 
but which we didn't do. = An unfulfilled plan or 
intention: 
We were going to visit Corfu last summer but I had 
too much work. 
I was going to post the letter but I forgot. 


WILL 


Don't ring for a taxi, I'll drive you to the station, (a 
spontaneous decision, often relating to the near 
future) 
If you buy the food, I'll cook, (first conditional) (a 
promise) 
We'll leave when I as soon as he gives us the order. 
I will be 20 next summer, (a simple fact over which we 
have no control) 
You will regret it if you leave school at 16. (a 
prediction) 
I'll be seeing him tomorrow. (Future continuous. 
Something certain tha t has already been planned.) 
Please don't phone me tomorrow morning, I'll be 
working. (Future continuous is used to describe an 
action tha t will be happening over a period of time in 
the future.) 
Hurry up! The film will have started by the time we 
arrive. (Future perfect. Something has already 
happened by a point in the future.) 


NOTE: The negative of wil l is won't /waunt/ 


Will has other uses which aren't strictly speaking to 
do with the future or predictions. In these cases will 
means want. 
I will go to the discotheque if I want to, Daddy. (An 
expression of determination.) 
Will you marry me. ? (A request = Do you want to 
marry me?) 
Oh no! The car won't start. (The car doesn't want to 
start.) 


There are many expressions which are used to 
express the future, e.g. It is bound to... It's likely to... 


We can also use the verb to be plus the infinitive: 
The Queen is to go on a royal tour of South Africa. 


Will can also be used to describe regular predictable 
behaviour. 
What do you expect? The cat will scratch you if you 
tease it. 


In the past would is used to describe regular 
predictable behaviour and actions and has a meaning 
similar to used to: 
He would I used to come home from the factory and 
smoke his pipe. 
These are repeated actions. For past states we cannot 
use would we only use used to: 
She used to I would have lovely long hair when she 
was a girl. 


REPORTED SPEECH 


Refer to pages 110 - 111 for a thorough treatment of 
this area. 
When statements or questions are reported we often 
go one step further into the past. 
Direct speech: Dina: I have eaten snails. 
Reported speech: Dina said she had eaten snails. 


This convention of going one step further into the 
past is called "backshift". It is regularly tested in the 
examination. 
Look at the table on page 110 to see what happens to 
major tenses when they are put into reported speech. 
Look too at exercise 2 on page 111 which shows what 
happens to adverbials of time and place; e.g. here 
becomes there, tomorrow becomes the following day. 


Remember, the tense of the verb does not change in 
these cases: 


1 With the past perfect simple or continuous: 
Direct speech: Paul: I hadn't been to Paris before. 
Reported speech: Paul said he hadn't been to Paris 
before. 


2 With the modals would, should, might and 
could. Otherwise you could seriously affect the 
meaning. 
Mother: You should wear a suit, George. 
Mother told George he should wear a suit. • 
not 
Mother told George he should have worn a suit. 
(This suggests that George refused to wear a suit 
and his mother is criticising him for not having 
done so.) 
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THE INFINITIVE AND THE GERUND 


THE INFINITIVE 


The infinitive with to is used 


1 after a number of common verbs: want , need, 
hope, plan, intend, promise, tend, offer, 
afford, threaten, wish, would like, pretend, 
seem, manage . 


2 when we want to express purpose: 
He picked up the book to check the number. 
She closed the door quietly so as not to disturb her 
father. 


3 in the pattern subject + verb + someone + to do 
something. Used with the following verbs: 
encourage, expect , force, help, invite, order, 
permit, persuade, remind, teach: 
They told her to call a doctor. 


The infinitive without to (bare infinitive) is used 
after modal verbs like can and must; after had 
better, and after make and let. 
NOTE: You make someone do something (active) 
but Someone is made TO do something (passive). 


THE GERUND (-ING FORM) 


The gerund is used 


1 after verbs of liking and hating: l ike, enjoy, love, 
don't mind/mind dislike, hate, can't s tand and 
loathe: 
I hate getting up early in the morning. 


2 after common verbs such as: admit, avoid, come, 
consider, deny, finish, go, involve, miss, 
postpone, risk, suggest: 
She risked breaking her leg. 


3 after prepositions and adjectives which are 
followed by prepositions: bored with, keen on, 
interested in, t ired of: 
I'm interesting in hearing his complaints. 


4 after phrasal verbs: 
I am looking forward to going on holiday. 


5 with verb patterns which end with a preposition: 
e.g. accuse someone of, congratulate someone 
on: 
They congratulated him on passing his driving test. 


Verbs with which the infinitive and gerund are both 
possible. 


1 with little or no change of meaning: 
I like watching TV in the evening/ I like to watch 
TV in the evening. 
NOTE: I like going to the dentist every six months. 
= I go every six months and I enjoy it. 
I like to go to the dentist every six months. = I think 
it is a good habit to go to the dentist every six 
months. 


2 with an important change in meaning 
I meant to tell her. (an unfulfilled intention) 
It meant telling her. (it involved telling her) 


I remembered to post the letter. (First I 
remembered, then I posted the letter.) 
I remembered posting the letter. (First I posted the 
letter and then I remembered.) 


I stopped to talk to him. (First I stopped, then I 
talked to him.) 
I stopped talking to him. (I finished our 
conversation (and went away.)) 


I tried to lose weight, (objective or intention) 
I tried dieting, running and eating less, (methods) 


THE PASSIVE 


Refer to page 88. 
We use the passive when the agent of the action is 
unknown, uninteresting, unimportant or obvious. 


The passive is formed with the verb to be + the past 
participle of a transitive verb. 


INVERSION 


We usually invert the subject and noun in two main 
instances 


1 in short statements of agreement. See page 23 for 
examples of this: 
I like chocolate. -> So do I. (Not So like I.) 
She doesn't like football. -> Neither does he. (Not 
Neither likes he.) 
Remember to use the correct auxiliary. 


2 after adverbs and expressions of negative force 
when they come at the beginning of a sentence, e.g. 
Hardly/ Not only/ Never/ No sooner. See page 
153. This is usually because we want to add 
emphasis or achieve a literary effect: 
Hardly had we got home when/than the telephone 
rang. 
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Not only does she speak Russian fluently but she 
also speaks Arabic. 
Never had I seen such a boring film. 
No sooner had we heard the news than we phoned 
his mother. 


RELATIVE CLAUSES 


The most important thing to remember is that the 
pronoun that cannot be used in non-defining relative 
clauses. 


VOCABULARY 


Relative clauses are used to join two ideas in a single 
sentence. They tell us more about the subject or 
object. Relative clauses often begin with the following 
relative pronouns: who/that for people; which/that 
for things and animals; w h o s e for possession; where 
for place; w h e n for time; and why for reason: 
She is the person who/that spoke to you. 
Here is the car which/that I told you about. 
He is a politician whose time has come. 
This is the place where they got married. 
Can you remember the time when we got lost? 
She gave us an explanation why she couldn't come. 


DEFINING RELATIVE CLAUSES 


Defining relative clauses give essential information 
without which the sentence would be incomplete: 
The woman who borrowed my book had red hair. 


In defining relative clauses we can leave out the 
pronouns who, wh ich and that when they are the 
object of the verb in the relative clause. 
Could you pass me the book (which / that) I bought 
this morning? 


In formal and written English w h o m may be used as 
a direct object pronoun: 
The man whom we had seen the previous evening was 
sitting at the same table. 
Whom is also used after a preposition. 
The woman with I about whom we spoke was very 
interesting. 


NON-DEFINING RELATIVE CLAUSES 


Non-defining relative clauses give extra, non
essential information. They can be taken out without 
affecting the principal meaning of a sentence. In 
writing they are separated from the main clause by 
commas. In speech, the speaker's voice will pause 
before and after the clause and often say the clause 
quickly and with a lower pitch than the rest of the 
sentence in which it is embedded: 
Anna Maria, who had never visited London before, 
worked as an au pair in an English family. 


PHRASAL VERBS 


Phrasal verbs or multi-word verbs consist of a verb 
plus one or two particles. (A particle may be a 
preposition or an adverb, or an adverb plus a 
preposition.) They operate as one item. 
She told Paul off. = She criticised/scolded Paul. 
The phrasal verbs which interest us in Think First 
Certificate are those which are idiomatic or non-
literal; i.e. their meaning is not immediately obvious 
from the separate meanings of its parts. 


There are four basic types of phrasal verb. 


T y p e l 
Intransitive, i.e. they cannot be followed by a direct 
object: 
Don't turn up late. (= don't arrive late) 


Type 2 
Transitive separable 
With type 2 phrasal verbs an object pronoun can only 
come between the verb and the particle: 
She took her on. \/ 
She took on her. 
A full object can come either between the verb and 
the particle or after the particle: 
She took Anna on. \/ 
She took on Anna. \/ 
Туре 3 
Transitive inseparable 
With this type of phrasal verb, the object or object 
pronoun both come after the particle: 
She got over the operation. 
She got over it. 
She got the operation over. She got it over. (This 
means something different i.e. She finished it.) 


Type 4 
Phrasal prepositional - transitive inseparable 
Type 4 phrasal verbs have two particles: an adverb 
followed by a preposition. 
These are easy to use as they are transitive and 
inseparable like type 3 phrasal verbs: 
She looks up to her grandmother. 
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SOME COMMON PHRASAL VERBS AND THEIR MOST 
COMMON MEANINGS 


Here is a list of very common phrasal verbs. They are 
not the only phrasal verbs in English and you should 
use a good dictionary to learn others. 


break d o w n (type 1) stop working: The bus had 
broken down. 
lose control of one's emotions: He broke down and 
cried when he heard the news. 


break into (type 3) enter illegally: They broke into 
the house while everyone was sleeping 


bring up (type 2) raise/educate: His grandparents 
brought him up when his parents divorced. 
mention/raise a topic: Someone brought up the 
subject of parking at the end of the meeting. 


call back (type 2) return a phone call: Mrs Brown 
will call you back as soon as she is free. 


call off (type 2) cancel: The match was called off 
because of the dreadful weather. 


carry on (type 3) continue: When I leave just carry 
on with your work 


come across (type 3) find by chance: They came 
across their father's medals in an old suitcase. 


come into (type 3) inher i t : When his grandmother 
died he came into a fortune. 


count on (type 3) rely upon: You can always count on 
Pauline in a crisis. 


cut d o w n ( type 2) reduce: She cut down the number 
of cigarettes she smoked. 
She cut the number of cigarettes she smoked down 
to ten a day. 


cut off (type 2) to end/disconnect a service (often 
used in the passive): The telephone was cut off 
because they hadn't paid the bill. 


face up to (type 4) accept/face a situation, usually 
unpleasant: You have just got to face up to the fact 
that she doesn't love you any more. 


fall through (type 1) when something that has been 
organised fails to happen: The peace negotiations 
fell through over a minor point. 


fill in (type 2 ) complete: Do you think you could fill 
in your date of birth on the form, please? 


fill up (type 2) make full: They filled up the car the 
night before the journey. 


find out (type 2) discover facts or information: They 
phoned the station to find out the times of the 
trains to Cambridge. 


get across (type 2) communicate: However hard he 
tried he couldn't get what he meant across. 


get away wi th (type 4) escape without punishment: 
You let that child get away with everything; he is 
going to be a problem when he grows up. 


get by (type 1) survive: Even though they don't have 
much money they manage to get by. 


get down (type 2) (no passive ) depress: This weather 
at this time of the year really gets me down. 


get on (type 1) have a (good ) relationship: Since 
their discussion they have got on a lot better. 


get over (type 3) recover: Since I got over my cold I 
have got lots more energy. 


get through (type 3) make contact by phone: I've 
tried ringing them all evening but I just haven't 
been able to get through. 


give away (type 2) distribute: She gave away all her 
money to the dogs' home. 
reveal/ betray: He was shot for giving away his 
country's military secrets. 


give in (type 1) surrender: Her father finally gave in 
and allowed her to go to the disco. 


give out (type 2) distribute: They gave out thousands 
of leaflets at the demonstration. 


give up (type 2) stop doing: He gave up skiing after 
he broke his leg. 


go off (type 1) explode: The bomb went off outside the 
restaurant. 


go on (type 1) happen: There's a terrible noise 
outside, what is going on ? 


go out (type 1/4) have a romantic relationship: He 
asked her if she would like to go out. She refused to 
go out with him. 


go up (type 1) increase: School fees are going up next 
term. 


grow up (type 1) to become an adult: While I was 
growing up we used to live in that house over there. 


hold on (type 1) wait: Is Julie there? Hold on, I'll go 
and look for her. 


keep on (type 1) continue/persist: Why do you keep 
on bothering me? Can't you see I'm trying to work? 


keep up (type 1) maintain the same level: Can you 
walk more slowly please? I just can't keep up. 


let down (type 2) disappoint: He promised to take me 
to the airport but at the last minute he let me down. 


let off (type 2) not punish: The judge let him off with 
a warning because of his age. 


l ive up to (type 4) meet expectations: He spent his 
whole life failing to live up to his father's 
expectations. 


look after (type 3) take care of: Do you think you 
could look after the children while I go shopping? 


look down on (type 4) to consider someone else as 
inferior: People looked down on him because he had 
once been to prison. 


look for (type 3) search: Have you seen my keys? I've 
been looking for them everywhere. 


210 







Grammar re/erence 


look into (type 3) investigate: The police are looking 
into the painting's disappearance. 


look up (type 2) consult a reference book: I couldn't 
find her number so I looked it up in the telephone 
book. 


look up to (type 4) admire/respect: She always 
looked up to her grandmother because of her 
kindness and wisdom. 


make out (type 2) see with difficulty: What does this 
word say? I can't make it out. 


make up (type 2) invent: When he was a little boy he 
used to listen to the wonderful stories made up by 
his uncle. 


pick up (type 2) learn (informally): She picked the 
language up by working as an au pair in a family. 
collect: Don't bother to take a taxi, I'll come and 
pick you up. 


put d o w n (type 2) to make someone feel inferior 
through criticism: Why do you always put him 
down? He'll never have any self-confidence. 
to kill an animal to end its suffering: The racehorse 
broke its leg so the vet had no choice but to put the 
animal down. 


put off (type 2) postpone: I am afraid my mother is 
coming this weekend so we'll have to put off our 
game of tennis. 


put through (type 2) connect on the phone: If you'd 
like to wait a moment I'll put you through to her 
extension. 


put up (type 2) give (temporary) accommodation: I'm 
flying to London on Friday morning, do you think 
you could put me up for the night on Thursday? I 
don't mind sleeping on the sofa. 


put up wi th (type 4) endure/tolerate: I can't put up 
with your complaints any more, I'm leaving. 


run out (type 1) finish/consume: Oh no, we've run 
out of coffee, I'll go to the shop and get some. 


run over (type 2) hit with a car/vehicle: Drive slowly 
along here, you don't want to run anyone over. 


set off (type 1) start on a journey: We loaded the car, 
got in and set off. 


sort out (type 2) organise, find a solution: When the 
computer broke down it took an engineer ages to 
sort out the problem. 


speak up (type 1) speak louder: Do you think you 
could speak up, the line is very bad. 


split up (type 1) separate when a relationship ends: 
Have you heard? Gemma and Lionel have split up. 


take after (type 3) inherit a characteristic: He is so 
stubborn, he really takes after his father. 


take in (type 2) to deceive: Don't be taken in by her 
lies, she just wants to cheat you. 
to give shelter to: The farmer took the travellers in 
during the snowy weather. 


take off (type 1) (of a plane, rocket, helicopter) leave 
the ground: The plane took off on time. 
(type 2) to imitate: When he was at school he was 
good at taking off his teachers. 


take over (type 2) gain control: They took the 
company over by buying over half the shares. 


take up (type 2) begin a new activity: We're thinking 
of taking up German in the autumn. 


tell off (type 2) criticise/scold: His mother told him 
off for being cruel to the cat. 


talk over (type 2) discuss: He felt better for talking 
his problems over with his mother. 


turn down (type 2) refuse: She eventually decided to 
turn the job offer down because the salary was too 
low. 


work out (type 2) calculate/arrive at a decision: After 
a couple of hours they worked out that there was 
something wrong with the printer. 


WORD-FORMATION 


Prefixes and suffixes 


1 forming nouns 
people and professions 
-ant (assistant); -ее (employee), -ess (waitress), 
-er (builder), -ian (mathematician), -ist (novelist), 
-or (visitor) 


2 other nouns 
-al (dismissal), -ance (abundance), 
-су (consistency), -ence (confidence), -ful (handful), 
-hood (childhood), ing (playing), -ion (addiction), 
-ism (symbolism), -ity (sensitivity), 
-ment (contentment, -ness (tiredness) -ship 
(directorship). 


3 forming verbs 
-en (strengthen), -ise (privatise), -ify (modify) 


4 forming adjectives 
-able (suitable), -al (logical), -ary (preliminary), 
-ful (shameful), -ed (painted), -ful (helpful), 
-ible (sensible), -ic (sarcastic), -ish (foolish), 
-ive (decisive), -ing (boring), -less (hopeless), 
-like (childlike), -ly (friendly), -ous (dangerous), 
-y (sunny) 
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Concept noun 
addiction 
advertisement (thing) 
advertising (business) 
advice /aed'vais/ 
analysis 
application 
athletics 
competition 
crime 
criticism 
death 
economy 
employment 
finance 
friendship 
history 
industry 
invention 
investigation 
management 
mathematics 
music 
negotiation 
optimism 
organisation 
photograph (thing) 
photography (activity) 
poem (thing) 
poetry (activity) 
politics 
pollution 
practice 
product/production 
profit 
reality/realism 
science 
survival 
symbolism 
terror/terrorism 
theft 
training 
use 


Personal noun 
addict 
advertiser 


adviser 
analyst 
applicant 
athlete 
competitor 
criminal 
critic 
the dead (person) 
economist 
employer/-ee 
financier 
friend 
historian 
industrialist 
inventor 
investigator 
manager 
mathematician 
musician 
negotiator 
optimist 
organiser 
photographer 


poet 
politician 
polluter 
practitioner 
producer 
profiteer 
realist 
scientist 
survivor 
symbol 
terrorist 
thief 
trainer/ee 
user 


Adjective 
addictive/addicted 
advertised 


advisory 
analytical 


athletic 
(un)competitive 
criminal 
(un)critical 
dead 
(un)economical 
(un)employed 
financial 
(un)friendly 
historic/historical 
industrial 
inventive 
investigative 
managerial 
mathematical 
musical 
negotiable/-iated 
optimistic 
(dis)organised 
photographic 


poetic 
political 
polluted 
(im)practical 
produced 
(un)profitable 
(un)realistic 
(un)scientific 
surviving 
symbolic 
terrorist 
stolen 
(un)trained 
useful/less 
used 


Verb 
to become addicted 
advertise 


advise /aed'vaiz/ 
analyse 
apply 


compete 
to commit a crime 
criticise 
die 
economise 
employ 
finance 
make friends/befriend 


industrialise 
invent 
investigate 
management 


to compose music 
negotiate 


organise 
photograph 


write poetry 
politicise 
pollute 
practise 
produce 
profit 
realise 


survive 
symbolise 
terrorise 
steal 
train 
use 
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Verb 
to be able 
accept 
adapt 
admit 
annoy 
apologise 
attract 
avoid 
believe 
bore 
broaden 
care 
centralise 
(dis)comfort 
compare 
comprehend 
consider 
be convenient 
corrupt 
decide 
deepen 
disturb 
en/discourage 
enjoy 
excuse 
experience 
explain 
forgive 
harm 
heighten 
hope 
ignore 
imagine 
interest 
lengthen 
memorise 
obey 
persuade 
possess 
predict 
prefer 
reason 
recognise 
regret 
rely 
satisfy 
strengthen 
succeed 
terrify 
think 
tolerate 
vary 
weaken 


Adjective 
(un)able 
(un)acceptable 
adaptable 
(in)admissible 
annoyed/ing 
apologetic 
(un)attractive 
(un)avoidable 
(un)believable 
bored/ing 
broad 
careful/-less 
central 
(un)comfortable 
(in)comparable 
(in)comprehensible 
(in)considerate 
(in)convenient 
corrupt 
(in)decisive 
deep 
disturbed/ing 
en/discouraged/ing 
(un)enjoyable 
(in)excusable 
(in)experienced 
(in)explicable 
(un)forgivable/forgiven 
harmful/-less, (un)harmed 
high 
hopeful/hopeless 
ignorant 
(un)imaginative/imaginary 
(un)interested/ing 
long 
memorable 
(dis)obedient 
persuasive 
possessive 
(un)predictable 
preferable 
(un)reasonable 
(un)recognisable 
regrettable 
(un)reliable 
(un)satisfactory (dis)satisfied 
strong 
(un)successful 
terrified/terrifying 
thoughtful/less 
(in)tolerant, (in)tolerable 
varied/various/variable 
weak 


Noun 
ability 
acceptance 
adaptation/adaptor 
admission 
annoyance 
apology 
attraction 
avoidance 
belief 
boredom 
breadth 
care/carelessness 
centre 
comfort 
comparison 
comprehension 
consideration 
(in)convenience 
corruption 
decision 
depth 
disturbance 
dis/encouragement 
enjoyment 
excuse 
experience 
explanation 
forgiveness 
harm 
height 
hopeful/lessness 
ignorance 
imagination 
interest 
length 
memory 
(dis)obedience 
persuasion 
possession 
prediction 
preference 
reason 
recognition 
regret 
(un)reliability 
satisfaction 
strength 
success 
terror 
thought 
toleration 
variety 
weakness 
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Adjective 
accidental 
afraid/fearful 
(un)adventurous 
ambitious 
angry 
annoyed/ing 
anxious 
arrogant 
ashamed/shameful 
bored/boring 
brave 
bright 
chaotic 
childish/childlike 
clumsy 
(un)comfortable 
(in)convenient 
cruel 
dangerous 
dark 
disappointed/ing 
disastrous 
(in)effective 
(in)efficient 
embarrassed/ing 
(un)enthusiastic 
excited/exciting 
exhausted/exhausting 
(un)fair 
(in)famous 
fascinated/-ing 
(un)fashionable 
(un)favourable, favourite 
(in)flexible 
fluent 
free 
frightened/frightening 
furious 
generous 
(un)grammatical 
grateful 
guilty 
(un)happy 
(un)healthy 
high 


Noun 
accident 
fear 
adventure 
ambition 
anger 
annoyance 
anxiety 
arrogance 
shame 
boredom 
bravery 
brightness 
chaos 
child/childhood 
clumsiness 
(dis) comfort 
convenience 
cruelty 
danger 
darkness 
disappointment 
disaster 
effectiveness 
efficiency 
embarrassment 
enthusiasm 
excitement 
exhaustion 
fairness 
fame 
fascination 
fashion 
favour 
flexibility 
fluency 
freedom 
fright 
fury 
generosity 
grammar 
gratitude 
guilt 
(un)happiness 
health 
height 


Adjective 
(dis)honest 
hot 
hungry 
innocent 
(un)intelligent 
jealous 
(un)kind 
lazy 
(il)legible 
(il)logical 
lost 
(dis)loyal 
miserable 
moody 
muscular 
notorious 
(dis)obedient 
obsessive 
painful/less 
(im)patient 
(im)polite 
poor 
(im)possible 
powerful/less 
proud 
(un)reasonable 
(ir)regular 
(ir)religious 
(ir)responsible 
(un)safe 
(dis)satisfied 


(un)satisfactory 
(un)selfish 
(dis)similar 
sorry 
spacious 
stressful 
stupid 
terrified 
thirsty 
tired 
tragic 
wealthy 
(un)willing 
wise 


Noun 
(dis)honesty 
heat 
hunger 
innocence 
(un)intelligence 
jealousy 
(un)kindness 
laziness 
(il)legibility 
logic 
loss 
(dis)loyalty 
misery 
mood 
muscle 
notoriety 
(dis)obedience 
obsession/obsessiveness 
pain 
(im)patience 
(im)politeness 
poverty 
(im)possibility 
power 
pride 
reason 
regularity 
religion 
irresponsibility 
safety 


(dis)satisfaction 
(un)selfishness 
similarity 
sorrow 
space 
stress 
stupidity 
terror 
thirst 
tiredness 
tragedy 
wealth 
willingness 
wisdom 
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N o u n 
abolition 
accusation 
admission 
(dis)agreement 
(dis)appearance 
(dis)approval 
argument 
attendance 
blood 
breath 
cancellation 
choice 
complaint 
delivery 
denial 
discovery 
discussion 
distinction 
entrance 
exaggeration 
explosion 
failure 
food 
identification 
improvement 
inheritance 
involvement 
judgement 
loss 
punishment 
recovery 
refusal 
relief 
relationship 
requirement 
resignation 
revision 
signature 
solution 
starvation 
suffering 
temptation 
threat 
(mis)treatment 
(mis unders tanding 
warning 
weight 
wreckage 


Verb 
abolish 
accuse 
admit 
(dis)agree 
(dis)appear 
(dis)approve 
argue 
attend 
bleed 
breathe 
cancel 
choose 
complain 
deliver 
deny 
discover 
discuss 
distinguish 
enter 
exaggerate 
explode 
fail 
feed 
identify 
improve 
inherit 
involve 
judge 
lose 
punish 
recover 
refuse 
relieve 
relate 
require 
resign 
revise 
sign 
solve 
starve 
suffer 
tempt 
threaten 
(mis)treat 
understand 
warn 
weigh 
wreck 


DEPENDENT PREPOSITIONS 


This is an important area as it is often tested in the 
gap filling questions. Prepositional phrases are also 
likely to be tested in the key word transformation 
part of Paper 3 Use of English. 
Below is a small selection of adjective + preposition 
and verb + preposition combinations. It is by no 
means complete. For a more complete selection refer 
to a grammar book. 


adjectives + preposit ions 
afraid of, angry about something, angry with 
someone, annoyed about, anxious about, ashamed of, 
aware of, bad at, bored with, careful of, excited about, 
fond of, glad about, interested in, jealous of, keen on, 
right about, sorry about, worried about/by 


verb + preposit ion combinations 
agree about something/with someone, agree to, 
apologise to someone for/about something, apply to, 
approve of, arrive at/in, belong to, choose between, 
deal with, differ from, dream about, insist on, know 
about, laugh at/about, listen to, look after, look at, 
object to, pay for, refer to, rely on, resign from, 
succeed in, suffer from, wait for 


verb + object + preposit ion 
accuse someone of (doing) something, admire 
somebody for, blame somebody for, compare 
somebody/something with, congratulate somebody on, 
discuss something with, explain something to 
somebody, forgive someone for, remind somebody of 
something/to do something, stop somebody from 
doing something, tell somebody about 


Preposit ional phrases 


as far as I am concerned, at all times, at first sight, at 
length, at the moment, at your convenience, by 
accident, by all means, by and large, by chance, by 
heart, by means of, by mistake, by oneself, by 
surprise, by the way, for a change, from time to time, 
in case of, in/under the circumstances, in conclusion, 
in confidence, in control, in danger of, in favour of, in 
general, in the long run/short term, in other words, in 
time, of course, on behalf of, on condition that, on no 
account, on my own, on purpose, on second thoughts, 
on the other hand, on the whole, on time, out of 
action, out of breath, out of date, out of fashion, out of 
order, out of practice, out of sight, out of the way, out 
of touch, out of work, to a great extent, to the point, 
under the impression, under the weather, up to date, 
up to you, with the exception of, with regard to, with 
reference to, without a doubt, without exception. 
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Common phrases and col locations 


Break a promise/ the ice 
Catch fire 
Change your mind 
Draw a conclusion 
Have a look/a good time/a go/a try/an argument (with 
someone over/about somethingVa word with someone, 
have something to do with 
Make an appearance/an apology/a mess of 
something/an appointment/an assumption/a choice/a 
decision/a difference/a date/a discovery/a mistake/a 
profit/a s tart 
Make a fool of someone/oneself/the most of 
something/a promise/sense of/sure of something/do 
with 
Do someone good/a favour/yourself justice/something 
for a living 
Find it difficult to do something 
Find difficulty in doing something 
Find fault with 
Get a move on/the impression 
Give a description/birth to/a choice/an example/a 
description/a hand/the impression/someone a 
call/someone the sack/your word 
Hold a meeting/someone responsible for something 
(often passive) 
Jump the queue/to conclusions 
Keep a promise/the peace/your eye on something or 
someone/one's word/your head/in touch with 
Like the look of 
Lose your temper/touch with 
Pay attention to/someone a compliment/the 
price/penalty of doing something 
Mind your own business 
Play a trick on someone 
Set an example/fire to something 
Take someone's advice/advantage of/the blame for 
something/care of/charge of/a chance/exception to/a 
fancy to/someone or something for granted/someone 
by surprise/someone's place/the opportunity to/notice 
of/offence at/notice of/part in/pleasure in/pride in/pity 
on/something to pieces 
Tell the difference between/a lie/the t ruth 


TABLE OF IRREGULAR VERBS 


The following irregular verbs have been grouped into 
"families" according to the number of changes that 
occur, their endings or by pronunciation. This may 
make them easier for you to learn. 


1 Simple past and past participle the same. Ending 
in /t/ or /d/ 


Infinitive 


bend 
build 
burn 
dream 
feel 
find 
flee 
get 
grind 
have 
hear 
hold 
lay 
lead 
learn 
leave 
lend 
light 
lose 
make 
mean 
meet 
pay 
say 
sell 
send 
sit 
spell 
spend 
stand 
tell 
understand 


Simple past 


bent 
built 
burnt 
dreamt 
felt 
found 
fled 
got 
ground 
had 
heard 
held 
laid 
led 
learnt 
left 
lent 
lit 
lost 
made 
meant 
met 
paid 
said 
sold 
sent 
sat 
spelt 
spent 
stood 
told 
understood 


Past Participle 


bent 
built 
burnt 
dreamt 
felt 
found 
fled 
got (gotten US) 
ground 
had 
heard 
held 
laid 
led 
learnt 
left 
lent 
lit 
lost 
made 
meant 
met 
paid 
said 
sold 
sent 
sat 
spelt 
spent 
stood 
told 
understood 


Can you usefully sub-divide this large group into 
smaller groups? e.g.pay/paid/paid, say/said/said 
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2 Past simple and past participle ending in /o:t/ 7 past participle -en 


NB spelling change. 


bring 
buy 
catch 
fight 
seek 
teach 
think 


3 -eep, -ept, -


creep 
keep 
sleep 
weep 


4 no change 


bet 
broadcast 
burst 
cost 
cut 
hit 
put 
read /ri:d/ 
shut 
split 


5 No obvious 


be/am/is/are 
become 
come 
dig 
do 
draw 


go 
run 
see 
shine 
stick 
strike 
win 


brought 
bought 
caught 
fought 
sought 
taught 
thought 


ept 


crept 
kept 
slept 
wept 


bet 
broadcast 
burst 
cost 
cut 
hit 
put 
read/red/ 
shut 
split 


"family"! 


was/were 
became 
came 
dug 


did 
drew 


went 
ran 
saw 
shone 
stuck 
struck 
won 


6 past participle -own 


blow 


fly 
grow 
know 
show 
throw 


blew 
flew 
grew 
knew 
showed 
threw 


brought 
bought 
caught 
fought 
sought 
taught 
thought 


crept 
kept 
slept 
wept 


bet 
broadcast 
burst 
cost 
cut 
hit 
put 
read/red/ 
shut 
split 


been 
become 
come 
dug 


done 
drawn 


been/gone 
run 
seen 
shone 
stuck 
struck 
won 


blown 
flown 
grown 
known 
shown 
thrown 


beat 
bite 


break 
choose 
drive 
eat 
fall 
forbid 
forget 
freeze 
give 
hide 
mistake 
ride 


rise 
shake 
speak 
steal 
take 
wake 


weave 
write 


beat 
bit 
broke 
chose 
drove 
ate 
fell 
forbade 
forgot 
froze 
gave 
hid 
mistook 
rode 


rose 
shook 
spoke 
stole 
took 
woke 
wove 
wrote 


Can you form any useful sub-


8 ea /еэ/ 


bear 
swear 
tear 
wear 


9 -i- -a-


begin 
drink 
ring 
shrink 
sing 
sink 
swim 


-ore /з:/ -orn /o:n/ 


bore 
swore 
tore 
wore 


beaten 
bitten 


broken 
chosen 
driven 
eaten 
fallen 
forbidden 
forgotten 
frozen 
given 
hidden 
mistaken 
ridden 


risen 
shaken 
spoken 
stolen 
taken 
woken 


woven 
written 


•groups? 


born 
sworn 
torn 
worn 


-u- (vowel + nasal consonant) 


began 
drank 
rang 
shrank 
sang 
sank 
swam 


begun 
drunk 
rung 
shrunk 
sung 
sunk 
swum 







UNIT 1 English Around the World 


PAGE 8 Listen to these six s i tuat ions and choose the best 
answer: А, В or C. 


Quest ion one 
A: So remember. You never get a second chance to make a first 


impression. Look the person in the eye, smile and shake their 
hand. Say something like, 'It's a pleasure to meet you Mr Jones 
or Mrs Brown...' Use the other person's name it makes them feel 
good... Perhaps pay them a compliment. For example: That's a 
lovely brooch you're wearing. Where did you get that beautiful 
bag?' You'll win their confidence and in no time at all... 


Quest ion t w o 
B: So what did you think? 
C: Of h e r ? The last one? 
B: Yeah... 
C: Well... Erm, she was really lively, wasn't she? 
B: Yes. Her pronunciation wasn't that good though... 
C: But a clear communicator. 
B: Absolutely, and good vocabulary. 
C: She made a couple of basic grammar mistakes. 
B: All the same, I think she performed well. 
C: Yes. Definitely a pass. 
B: Oh yes. Would you say she was a strong pass? 
C: I'm not really sure. I know, shall we come back to her again in a 


minute? 
B: Yes, why not? 


Quest ion three 
D: So if I could have your details. 


To change? From this course to the one in September... 
Oh dear, I am sorry. No, no, t h a t shouldn't be a problem. Let me 
check. 
Um... Well, we should be able to squeeze you in. 
No, no the fees will be the same. Don't worry, just concentrate on 
getting better. 


Quest ion four 
E: It's Mrs Greenaway, isn't it? 
F: That's right. Goodness me, it's Carmen. 
E: That's right. 
F: I hardly recognised you. You've changed... Carmen Fernandez. 
E: You've got a good memory. 
F: How lovely to see you. 
E: Ha, ha... 
F: So what... How long have you been working here, then? 
E: Since I left the college. 
F: That's seven... 
E: Eight years actually... 
F: And what's kept you here... 
E: Well I married an English man and had a child... 
F: Well done ha ha. And your English, it's perfect... 
E: Well, it's thanks to you... 
F: You're too kind... 
E: And are you still working there? 


Quest ion five 
G: Anyway, I really must be going... I've got an essay to write... 
H: It's been lovely talking to you... 
G: Yes. 
H: And you're sure you're settling in... 
G: Yes mum. 
H: And there's nothing you want... 
G: No. No. Everything's fine. 
H: I'll give you a ring next week. 


G: After six... 
H: After six and you know... 
G: Right then... Speak to you next week... Bye... 


Phew... Sorry about that... Give me a minute... I'm coming... I'll 
just get my racquet. ...Oh no! 


Question six 
Now you can take incoming calls but you can't make calls from 
here I'm afraid. Now about the kitchen... It's fine if you want to 
have a snack or something like that, a sandwich or something, eggs 
you know, and of course you can make hot drinks. Help yourself to 
tea or coffee it's just here in this cupboard... but nothing too 
elaborate... Sorry but, you know, sometimes people think they can 
take over the whole kitchen. Three course meals and that . There 
was this boy last year from... 


PAGE 9 Adriana is a First Certificate candidate from Italy. 
Listen to part of her interv iew and complete the Examiner's 
questions. 


Examiner: OK Jean-Luc. I'll come back to you in a minute. Now 
it's Adriana, isn't it? 


Adriana: That's right. 
Examiner: So, er, where are you from, Adriana? 
Adriana: From Italy. 
Examiner: I see. Whereabouts in Italy? 
Adriana: From near Florence. 
Examiner: Mm, lovely and, er, what do you do? 
Adriana: I'm a student. I'm finishing high school. 
Examiner: Huh, huh. And what do you want to do after high 


school? 
Adriana: Well, I'd like to study archaeology. 
Examiner: Really? Why archaeology? 
Adriana: Well, we live quite near some, erm, ancient ruins and... I 


have always been fascinated by them. 
Examiner: I see... And erm... tell me, what do you do in your spare 


time? 
Adriana: Studying and meeting friends. Oh, and playing 


basketball. 
Examiner: Do you play in competitions or just for fun? 
Adriana: Just for fun. Nothing serious. 
Examiner: Oh really. And, erm, how long have you been learning 


English? 
Adriana: For four years now. 
Examiner: Right... And, erm, why do you like Italy? 
Adriana: Well, it's a Mediterranean climate so it's hot and sunny 


most of the year. 
Examiner: Lucky you, and erm why are you taking the First 


Certificate? 
Adriana: It's an important qualification to have and also because 


in summer my city is full of foreigners. So, it's important to 
know English. 


Examiner: Huh,huh. Right, right. 


PAGE 18 Andrew Williams and his wife run 'Linguapal', an 
agency which organises exchange vis its for young people. 
Listen to this interview with Andrew. 


Interviewer: So how does it work? 
Andrew: Well, basically a school or an individual responds to one 


of erm our advertisements and we send them a form and ask 
them to write a letter all about themselves and why they want 
to do an exchange. 


Interviewer: I see. And what's the point of the letter? 
Andrew: Well, one thing, it helps us to choose the right people. We 


reject quite a few people on the basis of the letter. You know, 
ones who have obviously got the wrong kind of attitude. Some 
just can't be bothered to write a letter at all. 
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Interviewer: I see. What kind of thing do you deal with on the 
form? 


Andrew: We try to get as much detail as we can about the 
background and interests of the applicant. There are forty-three 
questions which cover everything from religious persuasion to 
family pets. As far as possible we want to match up people in 
terms of age and interests but also in terms of family 
background. We ask participants to give a description of their 
homes, what their parents do for a living and so on. A parent 
has to sign the form saying that they have checked it and that 
everything is accurate. Afterwards we make our decision on the 
basis of the form and the letter. 


Interviewer: Why do you want so much background about family 
circumstances? 


Andrew: Well we don't want people to go and stay in exactly the 
same kind of family, but on the other hand we don't want there 
to be enormous social differences or inequalities. As far as I am 
concerned it just causes problems. 


Interviewer: Why? What can go wrong? 
Andrew: Well, it can lead to all kinds of problems and 


embarrassment. For example, if someone from a less well-off 
family goes to stay with someone who is comparatively very rich 
then it can cause anxiety and jealousy for obvious reasons. 
Someone from a rich family might take it for granted that they 
would have their own bathroom or that there would be servants. 
Children who have perhaps stayed with a very well-off family 
get incredibly anxious about what the other person will think 
when they come into their house. 


Interviewer: Doesn't this mean that you are just helping to 
reinforce social differences between people? 


Andrew: I know what you mean. When I started the agency I 
thought I would be able to take advantage of the situation for a 
bit of social engineering but I quickly realised that it just didn't 
work. For a young person to go abroad - perhaps for the first 
time - to a strange family is already stressful enough. We don't 
want to add to anyone's problems. 


Interviewer: And have you ever got it wrong? 
Andrew: Well, we have difficulty in making an exact match but 


I've made a couple of mistakes too. On one occasion I sent 
someone who was a strict vegetarian to a home where the father 
was a butcher. 


Interviewer: Oh no! 
Andrew: And another time someone with a terrible allergy to 


horses was sent to a family where everyone was keen on riding. 
However, I should say that in the second case they erm hadn't 
said anything about allergies in the box provided. 


Interviewer: Well, it sounds as though you really try to take 
everything into consideration. 


Andrew: We try to do our best. 


PAGE 20 Listen to these five young people who have all 
b e e n on exchange visits . 


Speaker 1 
My biggest fear was that I wouldn't be able to make myself 
understood. And in fact when I turned up at the family I couldn't 
understand a word. This was because in the home they spoke a 
dialect, you know, from their region. Anyway, when I was around 
they always made sure they spoke erm ordinary Spanish, you 
know, Castilian. I was really homesick at first but after a week I 
didn't want to come back. And I had a really great time. 


Speaker 2 
Well, I got erm very upset because I was standing in a shop 
waiting my turn, when people kept on jumping the queue. I started 
to get a bit angry but then my friend told me that in her country 
queuing, you know, like we do over here, was less important. And I 


must say that this is a bit of an English obsession. 


Speaker 3 
Well, let me see, I think the worst thing was on the first night. 
They had prepared this wonderful meal and we had erm artichoke 
as a starter. You know, the vegetable. Well, I tried to eat 
everything, instead of just the tips of the leaves. I was so 
embarrassed, you see I'd never eaten one before. I felt I'd made a 
real fool of myself. 


Speaker 4 
For me, the erm biggest shock was the toilets. I went to this village 
miles from anywhere and the toilet wasn't like ours, it didn't have 
a seat. In fact you had to squat down to use it. I just didn't know 
what to do at first, and the first time I erm tried I dropped a set of 
keys down it. 


Speaker 5 
That's easy. The thing that got me was the way, you know, 
everybody kissed. I just couldn't believe it. I come from a family 
where nobody ever touches anyone or hardly ever, and I found it 
difficult to feel comfortable with all the kissing and handshaking 
and stuff. I was quite used to it by the end though. 


UNIT 2 Time Out 


PAGE 22 1 John, Eleanor and Richard are d iscuss ing what 
to do this evening. 


John: I'm really fed up, I mean, we've been stuck here all day. Why 
don't we go out? 


Eleanor: You're right John, what shall we do then? 
Richard: But there's something good on telly. 
John: Come on, Richard! Something good on telly. 
Eleanor: Telly telly, it's all you think about... 
John: You'll end up with square eyes... 
Richard: All right. ...What do you want to do then? 
John: Well we, could go to that new cafe. What's it called 
Eleanor: Video Cafe. 
John: Yeah, that's right, Video Cafe.. 
Richard: It's boring. We might as well watch telly. 
Eleanor: It'll be packed too... Full of smoke. I'd rather we did 


something else. 
Richard: So would I. 
John: There's that Burger em Tex-Mex place... what's it called 


Ranchero.. 
Eleanor: Yuk, you know I can't stand burgers... 
John: How about ...there's ... I know it's a film... there's a really 


good film with Sylvester Stallone on. I've heard it's really good... 
Cliffhanger. Why don't we er... 


Richard: I've already seen it... 
Eleanor: I have too. 
Richard: I don't like these action films much. 
Eleanor: I don't either. 
John: All right then. Richard. How about...? Look I'm getting fed 


up with this. I suggest something to you and you... you just 
knock it down... 


Richard+Eleanor: Ah! You poor old thing... 
Richard: Hold it... . I know, we could always go to the rink. There's 


an ice-hockey match on... 
Eleanor: Ice-hockey...I've never been to an ice-hockey match. 
John: Neither have I... A bit brutal isn't it? 
Eleanor: Yeah. Um, let's go... 
Richard: Well, there you are you see. A new experience...What do 


you think? 
Eleanor: OK... but I'll hold you responsible if I don't like it. 
John: Me too. 
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Richard: Brilliant. And I didn't even want to go out.. Anyway.. 
What's the time? It s tarts at eight. 


Eleanor: It's half seven now. 
John: It's time we left, we're going to have to get our skates on if 


we're going to get there on time. 
Richard: Get our skates on...Ha ha... That's almost funny, John. 
Eleanor: Anyone seen my car keys? 
John+Richard: Oh no. Not again! 


PAGE 24 1 Listen to these three descriptions. Which 
sports are be ing described? 


1 
I guess you could say that this is our national sport - we certainly 
have got the right weather for it. It has the reputation of being a 
pretty rough and tough game. Anyhow, as its name suggests we 
play it on ice, on skates, and the object of the game is to score by 
hitting the puck into the net. You have to be really well dressed up 
and padded and protected for this 'cos it's easy otherwise to get 
badly hurt . 


2 
This sport has a long and traditional history in my country. It's a 
mixture of meditation and concentration, and accuracy. It's 
important to breathe properly. Obviously you need a bow and 
arrow and to aim at the target. 


3 
I don't know whether you can really call this a sport but it is 
something that people from my country have been very good at. We 
have had lots of grand masters and international grand masters. It 
is an ancient game, I think it originally came from Persia, now 
Iran. It is about strategy and it requires a very good memory of 
other games and intense concentration. You play it on a board with 
sixty-four squares and the object of the game is to capture the 
enemy's king. Each player has sixteen pieces which move around 
the board in a certain way. 


PAGE 29 3 Listen to these five w o m e n talking about books 
they have read recently. 


Speaker 1 
It was awful ... I mean it was all... such an improbable story... I 
loathed the hero... you know killing people all over the place ... 
running round the desert... he wouldn't have lasted two minutes in 
real life... I don't know what possessed me to read it . . . or for that 
matter to get to the end ... suppose I thought it might get better 
but it didn't. Dreadful rubbish. I got rid of it, threw it away in 
disgust you know. You'd have to be a bit sick in the head I imagine 
to enjoy i t . . . A book for men - definitely. 


Speaker 2 
It was pretty good, I suppose...Very clever plot... And a bit too 
realistic in a way. The detail, you know some of the erm the detail 
about cutting up bodies, 'cos she was a pathologist was rather 
disgusting really, but the book took me over. I can't say I lost any 
sleep over it but it was a bit. . . um gruesome. 


Speaker 3 
It was absolutely riveting, I mean I couldn't put it down. Poor old 
Malcolm, he kept shouting down the stairs, 'When are you coming 
up?' and I just said 'Five more minutes dear.' He was really fed up. 
Finally I got to bed at about two. Still it was worth it. He was 
asleep of course snoring his head off... 


Speaker 4 
It was good. I won't deny it, but all the while I was reading it there 
was a little voice sort of saying: Той know it's not the real thing.' It 
was good, terribly clever and everything and she took off the style 


of the original quite well, all the same, but it didn't have the same 
feel erm you know the flavour of the of the first one by the er 
original writer what's her name, du Maurier, that 's right. I suppose 
I was silly to have erm expected it. 


Speaker 5 
Well, I wouldn't exactly say it was the best book I've ever read. All 
the same I think she really does manage to express, um, what 
every, well you know, normal people's lives are like... all of her 
characters... even though they were in a family set up, they all 
seemed somehow so erm alone if you know what I mean... very 
astute... well observed but a bit depressing. I'd only recommend it 
to someone who was feeling, erm you know not feeling down. You'd 
need to feel quite strong inside, not for the vulnerable; most 
people's family lives are bad enough as it is without reading about 
more... 


PAGE 31 Pronunciat ion sentence stress 


1 Listen to the sentences and decide which of the words 
are strong and weak. Put a l ine under the strong syllables 
and a circle around the weak ones. 


Example: Len Deighton's been a photographer. 


A He's been living in France. 
В He's been writing books for ages. 
С What have you done to my car? 
D How long have you been a dancer? 
E How long have you been learning English? 
F It's late. Where have you been? 
G I've been trying to phone. 


2 Listen to the sentences again and try to copy the 
speakers' pronunciat ion as closely as you can. 


UNIT3 Survival 


PAGE 35 2 Listen to the radio programme on surviving in 
cold weather and decide i f you would have survived. 


Presenter: Now, I'd like to move on to the next item. The weather 
certainly seems to have taken a turn for the worse and it looks 
like we're in for some heavy snowfalls in the next few days. Now, 
of course, every year there are cases of motorists who break down 
and get caught out in really bad weather. Tragically, some die 
and this is even more tragic when we consider that most of these 
deaths could be avoided. Now we have in the studio this evening 
Julie Mitchell from the Canadian Automobile club and she's 
going to tell us how to stay alive if we get caught out in the snow 
and our car breaks down. Hi, Julie. 


Julie: Hi. 
Presenter: So, what should we do? 
Julie: Well, the first thing that you should remember is that your 


car is your most important piece of survival equipment you have 
if you get caught in a drift. So don't leave it unless you can 
actually see the place you want to get to. People have died when 
they needn't have because they have gotten impatient, left their 
cars and got lost in the snow. 


Presenter: So, rule number one is stay in your car unless you can 
see where you are going. 


Julie: Your destination. 
Presenter: Right. Anything else we should remember? 
Julie: Oh, certainly! First of all, use your common sense. If you 


have to drive and know you're going to hit bad weather, make 
sure you have blankets, a sleeping bag and a shovel in case you 
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have to dig yourself out, and ideally food and hot drinks. 
Presenter: Is there anything we can do to help ourselves if we're 


stuck, apart from keep warm, that is? 
Julie: Oh, sure. You've got to keep warm but you've also got to 


keep the car well ventilated - there have been cases of drivers 
suffocating in their cars. So have the window on the side away 
from the wind open a little, say, half an inch or so. 


Presenter: OK. What about using the car heater to keep warm? 
Julie: Oh, I'm glad you asked me about this because this can be 


fatal unless you take extreme care. The risk of death from 
exhaust fumes is high. The cold takes hours to kill you but 
exhaust fumes can kill you in a matter of minutes. Before you 
run your engine, make sure the exhaust is completely free from 
snow. Otherwise, the fumes will escape into the car. Anyway, 
only run the engine for ten minutes every hour and every time 
make sure the exhaust is free. 


Presenter: Any final tip? 
Julie: Yes, if you know you're setting off in bad weather, ring up 


your destination just in case something happens on the way. 
That way, if you're late, your friends will know something is 
wrong and will be able to tell the police to go out and look for 
you. 


Presenter: Thanks Julie for coming in and I hope our listeners 
out there... 


3 N o w l isten to the interview again and complete the notes. 


PAGE 40 Devil's a l ternatives 


Listen to two friends d iscuss ing the quest ionnaire and find 
out what choices each of them makes . 


Damien: Honestly... Have you seen this? 
Lucinda: Yeah. 
Damien: What'U they come up with next? 
Lucinda: There are some pretty sick people around. 
Damien: Right...Fun though. All the same what would you do? 
Lucinda: What! Come off it...I wouldn't even... 
Damien: Come on..You know. Suppose you had to? 
Lucinda: Well...Clean the toilets... definitely. 
Damien: Now that 's interesting. I'd never have guessed it. 
Lucinda: What do you mean? 
Damien: Well, I've always thought you were, you know, 


confident... 
Lucinda: With some things maybe, but I'd rather die than stand 


up in front of tha t many people.. 
Damien: Me, I'd do it. 
Lucinda: Oh yeah. 
Damien: Sure... I mean... It's over in ten minutes.. 
Lucinda: Any way... What about this other one. 
Damien: What's a bungee jump? 
Lucinda: You don't know? 
Damien: That's why I'm asking. 
Lucinda: Well, it's a sort of... you know... it's when you tie a cord, 


kind of cord around your legs and then you jump off a bridge or 
something like that. It's kind of, you know, elastic... 


Damien: Gosh! What like in Samoa was it when they used to do it. 
Um... as a ... you know a... a sort of coming of age ... initiation 
ceremony... 


Lucinda: This is the modern version... you keep bouncing up and 
down... it's much safer. 


Damien: Should hope so too. 
Lucinda: Modern technology. 
Damien: Well. You know, they seem just as bad as each other... 
Lucinda: I'm not sure... Snakes brr... that's my absolute 


nightmare, I couldn't do that if you paid me a million pounds. 
Damien: Jus t imagine them sliding and slithering all over.. 
Lucinda: Oh do shut up... No the bungee jump, even though I'm 


terrified of heights. 
Damien: That's funny, I'm the complete opposite, I mean, I'd go for 


the snakes ... 


PAGE 40 Managing Conversations 


Listen to their conversat ion again and count how many 
t imes 'I mean' and 'You know' are used. 


PAGE 42 Listen to these eight extracts. 


Quest ion 1 
When the plane crashed all the lights went out. Everybody 
panicked, except Jemima Blond. Her years of training meant she 
could control her fear. She remembered her sergeant major's 
words, 'Crawl along the floor where the air is cleanest.' The 
terrorists stood up and fought for the exit, their screams turning to 
coughing and silence, while Blond was able to get out of the smoke-
filled cabin. She got to the door, her lungs bursting, and with a 
mighty kick, managed to force it open. As she fell to the runway, 
the plane exploded above her. 


Question 2 
The search is continuing for members of the capsized fishing boat. 
The Royal Navy has taken charge of the rescue operation and Sea 
King helicopters are combing the area. Lifeboat services from 
Sidmouth have already succeeded in rescuing nine of the crew but 
hope is fading fast for the remaining two. 
We will now go over to the village of Sidmouth for a live report 
from the centre of rescue operations. 


Question 3 
Come on! Damn you Billy. Don't give up now, boy. The sheriff and 
his posse ain't that far behind. When Momma was dying I gave her 
my word that I'd take care of you and I ain't gonna break that 
promise. There ain't no water here, but you'll be able to have all 
you can drink when we get somewhere safe. Come on, when you 
was a kid you could walk for miles. You can do it. We'll be at the 
hideout soon. On your feet, don't make me lose my temper. 


Question 4 
Woman A: Yes...yes., anyway, this car, it just came from the middle 


of nowhere. It just smashed straight into my door, on the 
passenger's side. 


Woman B: You poor things... 
Woman A: Jeremy, didn't have time to react or avoid him... 
Woman B: And is he OK? 
Woman A: He was shaken, that's all. 
Woman B: And what about the other driver? 
Woman A: He was angry but the police said it was definitely his 


fault. They gave him a formal warning that they are going to 
prosecute. 


Question 5 
What do you mean, you weren't able to do it. Didn't we go through 
it last time? Look, we can find out the value of X in the first 
equation, like this, can't we? Stop looking out of the window and 
pay attention. That means we can put that value into the second 
equation to discover the value of Y Simple! If you carry on like this 
then I just don't know if you're going to make it... 


Question 6 
Father: Before you go off, I want a word with you. Whales, whales, 


whales... that's all you think about. 
Son: Dad... 
Father: You don't have to go to the other side of the world to find a 


good cause you know. 
Son: Come on Dad...What about the animals? 
Father: I think you should spare a thought for some of the old 
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people in this town and how they survive. If you really want to 
make a difference why don't you go and give old Mr Johnson a 
hand with the housework? I know that helping an old person 
isn't as romantic as saving the whales but . . . 


Son: All right, all right, I don't want to have an argument about 
this. 


Q u e s t i o n 7 
That's it. Now, roll the dummy onto its side. OK. Now what you 
have to do is check that the airway is clear. One of the problems is 
tha t people can sometimes choke 'cos they've swallowed their 
tongues or false teeth and things... so always make sure that you 
check tha t there aren't any obstructions. That's it... don't worry, 
you can't hur t it... 


Q u e s t i o n 8 
So now it gives me enormous pleasure to introduce my next guest 
whose recent book 'Without a Paddle' tells us about how an 
ordinary teacher survived when she just drifted for 43 days in an 
open boat, when most of us would have just given up. She had to 
come to terms with the fact that she might die there, thousands of 
miles from anywhere. So let's put our hands together and have a 
round of applause for the courageous and resourceful Kay 
Bradshaw. 


UNIT 4 Storytell ing 


PAGE 48 An A l t e r n a t i v e C i n d e r e l l a 


N a r r a t o r : Once upon a time there were three sisters who lived 
with their widowed father. The two eldest ran a beauty parlour 
and a clothes shop. They were both interested in finding a rich 
husband. The youngest daughter, whose name was Cinderella, 
looked after the house. Her father had refused to set her up in 
business as he wanted someone to look after him. Cinderella did 
not mind too much as she was doing a correspondence course in 
accountancy and marketing. 


One day Cinderella decided to enter a competition in a 
woman's magazine because it offered some good cash prizes. If 
she won one of them, it would help her finance the setting up of 
her own hamburger restaurant. 


Around tha t time the newspapers were full of stories about a 
big party tha t was going to be held at the palace. It was said that 
the Prince, a real playboy, wanted to find a wife and settle down. 
From the moment they heard about the ball, the two eldest 
sisters spent days and days trying to make themselves look 
beautiful. As for Cinderella, she wondered what all the fuss was 
about and didn't have the slightest interest in going to the ball. 


One morning, while she was doing some work for her 
accountancy course, there was a knock at the door. She opened it 
and saw an extraordinary woman standing there with a 
ridiculous-looking t iara on her head. The woman who called 
herself Fairy Godmother, or FG for short, told Cinderella tha t 
she'd won first prize in the magazine competition she'd entered. 


The prize was a 'charm course' worth hundreds of pounds, as 
well as books and records. Cinderella wasn't really that keen on 
doing the course but she realised she could probably make a 
small profit if she sold the prizes. However, in return for the 
prizes she would have to dress up in lots of fine clothes and be 
driven to the palace where she'd spend the night at the ball and 
be photographed for the woman's magazine. 


The big day arrived and a shiny Rolls Royce came to pick her 
up. The man from the car hire firm said he was only on duty 
until midnight. Moments later a woman arrived bringing a fur 
coat and a diamond necklace which would be Cinderella's just for 


the evening. When she turned up at the palace, she noticed that 
one of the servants was stealing food from the buffet tables. The 
palace itself was cold and draughty and the king himself was a 
man with a sad smile. Cinderella felt sorry for the man and told 
him why the food was disappearing so fast. The king then told 
her about his financial problems. He was almost bankrupt and 
he had organised the party in the hope that he might find a 
millionaire's daughter for his son. Cinderella suggested lots of 
ways of making money: re-organising the kitchens, opening the 
palace to the public and so on. 


By this time it had turned midnight. The car hire man drove 
away and the woman came to collect her fur coat and necklace. 
The king showed Cinderella around the palace and they 
eventually came back to the ballroom where the party was still 
going on. The prince, who by this time was hopelessly drunk, 
took one look at Cinderella and asked her to dance. She kicked 
off her glass slippers, which were killing her, and joined him on 
the dance floor. Soon afterwards, she left the palace and hitch
hiked home. 


The following day the newspapers were full of the big story 
about the prince who had fallen for a beautiful and mysterious 
woman who had disappeared. Her glass slippers, which she had 
left behind, were the only clues that would lead him to her. 
When Cinderella read the news, she was absolutely furious. 
Nevertheless, she saw quite a bit of the prince because she 
started work at the palace as financial adviser. In no time at all 
the palace was making a profit again. Naturally, Cinderella 
refused to marry the prince but she did help him cut down on his 
drinking and involved him in useful social work in the 
community. 


PAGE 48 P r o n u n c i a t i o n 


P a s t t e n s e s 


1 R e g u l a r v e r b s in t h e p a s t 


Listen to these nine regular verbs and put them in the correct 
columns. 


stayed 
asked 
waited 
invited 
promised 
carried 
contained 
decided 
frightened 


stayed 
asked 
waited 
invited 
promised 
carried 
contained 
decided 
frightened 


2 Was a n d Were 
Listen to this short dialogue which contains was and were. When 
are was and were strong and when are they weak? 


Man: Where were you last night? 
Woman: I was at the office. 
Man: Were you? 
Woman: Yes, I was. I was working late. 
Man: You were with Paul. 
Woman: No, I wasn't. 
Man : Yes, you were. 


PAGE 54 L i s t en to t h e s to ry of A l e x a n d r e Aufredi . 


In the 1190s in the port of La Rochelle on the west coast of France, 
there lived a merchant called Alexandre Aufredi and his wife 
Pernelle. Although Aufredi was a successful man, he was 
dissatisfied. There were two main reasons for this: firstly he was 
proud and stubborn and next he wanted to become the most 
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important merchant in his town. He dreamed of the fortune that 
could be made by trading over the ocean. Against the advice of his 
more cautious friends he decided on a risky venture. First of all he 
had four strong ships built and loaded them with goods that could 
be exchanged or bartered. Then he chose his most trusted steward 
to accompany the fleet which sailed away with much ceremony. He 
kept some money so he and his wife could live comfortably until 
the ships returned. At first, Aufredi continued to be well-regarded, 
but as time went on he was forced to borrow money 


Two, three, four years went by and still the ships had not 
returned. In the meantime, Aufredi's money had run out. Finally, a 
rumour started that the ships had been lost and all his creditors 
rushed to get their money back. The good man was forced to sell 
his house and Pernelle sold her rings and jewels one by one until, 
finally, they were forced to beg. 


After seven years a small fleet of boats carrying gold and 
precious wood sailed into the port. At last Aufredi's fleet had 
returned! Many people had even forgotten about Aufredi's 
existence but he was eventually discovered begging in a church 
doorway. The steward - for this was the mystery stranger - could 
hardly believe tha t the silver-haired beggar dressed in rags had 
once been his proud master. Yet Alexandre and Pernelle's suffering 
had not been for nothing for in the end Aufredi was suddenly, by 
far, the wealthiest man in La Rochelle . 


The news that Aufredi and his wife were now incredibly rich 
spread like wildfire. However, the couple resisted the well-wishes 
of their old friends. Instead, they gave most of their fortune to the 
poor of the city. At the end of his life, Aufredi set up a foundation 
whose charitable work continued into the twentieth century. 


PAGE 56 A Tall Story 


Carol: I heard this wonderful story the other day which I must tell 
you. 


Arthur: Oh my god, not another one of your stories. 
Carol: You're going to hear it anyway so... 
Arthur: Go on then, I'm all ears. 
Carol: Well, you see there's this woman and she's driving off to 


meet a friend in town one day. She's in a bit of a hurry and she 
doesn't notice the cat asleep in the driveway. Anyway, you can 
guess what happens next. 


Arthur: I think can, yes. 
Carol: She's backing out of the driveway when she hears this little 


cry as she goes over something. 
Arthur: The cat. 
Carol: Right first time. 
Arthur: Go on. 
Carol: Anyway, so she gets out of the car and sees the cat lying 


there stone dead. And she doesn't know what to do. She's 
already late for her meeting with her friend and she's thinking 
'Where am I going to put Java?' 


Arthur: What's Java? 
Carol: Oh, Java's the name of the cat. Well, she can't leave it there 


and she can't put it in the dustbin 'cos the kids might see. 
Anyway, to cut a long story short, she looks in the car and sees 
this plastic bag from a rather smart department store. 


Arthur: I don't believe a word of this. 
Carol: No it's all true. Cross my heart. So she puts the cat in the 


bag and drives off to meet her friend. Well, when she's parked 
the car she decides to take the bag with her into the department 
store where she's meeting her friend. You see, she thinks her 
friend will have some clever idea about what to do with the cat. 


Arthur: You've got to be kidding! 
Carol: No, no. She goes into the shop, oh, and spots rather a nice-


looking handbag on the counter and puts down the plastic bag 
for a sec to have a quick look at it. Can you guess what happens 
next? 


Arthur: No. I hate to think. 
Carol: She puts the handbag down and looks for the plastic bag. 


It's gone, of course. And just then she hears this scream and 
commotion out in the street. She goes to the door and sees this 
middle-aged woman lying in the street - she'd fainted - with the 
plastic bag with poor old Java in it beside her on the pavement. 
You see, she was a shoplifter and when she'd got outside, she 
hadn't been able to resist having a peep at was inside the bag. 


Arthur: Ridiculous. Still, it makes a good story. 


PAGE 59 Listen to this extract from Pygmalion. 


Mrs Pearce: A young woman asks to see you, sir. 
Higgins: A young woman! What does she want? 
Mrs Pearce: Well, sir she says you'll be glad to see her when you 


know what she's come about. She's quite a common girl, sir. Very 
common indeed. I should have sent her away, only I thought 
perhaps you wanted her to talk into your machines. I hope I've 
not done wrong; but really you see such queer people sometimes 
- you'll excuse me I'm sure, sir -


Higgins: Oh, that's all right, Mrs Pearce. Has she an interesting 
accent? 


Mrs Pearce: Oh, something dreadful, sir, really. I don't know how 
you can take an interest in it. 


Higgins: Let's have her up. Show her up Mrs Pearce. 
Mrs Pearce: Very well, sir. It's for you to say. 
Higgins: This is rather a bit of luck. I'll show you how I make 


records. We'll set her talking; and I'll take it down in broad 
Romic; and then we'll get her on the phonograph so that you can 
turn her on as often as you like with the written transcript 
before you. 


Mrs Pearce: This is the young woman, sir. 
Higgins: Why, this is the girl I jotted down last night! She's no 


use. I've got all I want of the Lisson Grove lingo, and I'm not 
going to waste another cylinder on it. Be off with you, I don't 
want you. 


The flower girl: Don't you be so saucy. You ain't heard what I 
come for yet. Did you tell him I come in a taxi? 


Mrs Pearce: Nonsense, girl! What do you think a gentleman like 
Mr Higgins cares what you came in? 


The flower girl: Oh, we are proud! He ain't above giving lessons, 
not him, I heard him say so. Well, I ain't come here to ask for 
any compliment; and if my money's not good enough, I can go 
elsewhere. 


Higgins: Good enough for what? 
The flower girl: Good enough for you. Now you know, don't you? 


I'm coming to have lessons I am. And to pay for 'em too; make no 
mistake. 


Higgins: Well!!! What do you expect me to say to you? 
The flower girl: Well, if you was a gentleman, you might ask me 


to sit down, I think. Don't I tell you I'm bringing you business? 
Higgins: Pickering, shall we ask this baggage to sit down, or shall 


we throw her out of the window? 
The flower girl: Ah-ah-oh-ow-ow-ow-oo! I won't be called a 


baggage when I've offered to pay like any lady. 
Pickering: But what is it you want? 
The flower girl: I want to be a lady in a flower shop 'stead of 


sellin' at the corner of Tottenham Court Road. But they won't 
take me unless I can talk more genteel. He said he could teach 
me. Well, here I am ready to pay him - not asking any favour -
and he treats me as if I was dirt. 


Mrs Pearce: How can you be such a foolish, ignorant girl as to 
think you could afford to pay Mr Higgins? 


The flower girl: Why shouldn't I? I know what lessons cost as 
well as you do, and I'm ready to pay. 
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UNIT 5 A Sense о/Adventure 


PAGE 60 1 L i s t e n to M a r t i n a n d A m a n d a ' s c o n v e r s a t i o n . 
Which p h o t o g r a p h a r e t h e y t a l k i n g a b o u t ? 


A m a n d a : So which one is your favourite, Martin? 
M a r t i n : The one of the seaside holiday and the Punch and Judy 


show. 
A m a n d a : Oh really, why's that?... 
M a r t i n : Well, I suppose it reminds me of when I was a child. 
A m a n d a : So what you're saying is ... you used to have holidays 


like this. 
M a r t i n : That's right, and me and my sisters used to play on the 


beach. 
A m a n d a : And what kind of thing did you do? 
M a r t i n : You know, make sandcastles, that sort of thing, and hunt 


for crabs. 
A m a n d a : H u n t for crabs? 
M a r t i n : Yeah, there were lots of rock pools where they used to live. 
A m a n d a : Oh, sounds brilliant. 
M a r t i n : Yes, it was... 


2 M a n a g i n g c o n v e r s a t i o n s 
Listen again and write down Amanda's side of the conversation. 
How does she get Martin to do most of the talking? How does she 
show t h a t she is a good listener? 


PAGE 62 L i s t e n to t h e s e five w o m e n t a l k i n g a b o u t 
t r a v e l l i n g . 


S p e a k e r 1 
All in all it was fantastic. The only thing is that I was terribly ill in 
Bombay for a while. You know, stomach trouble. If you go, you 
mustn't drink anything straight from the tap. I'd been incredibly 
careful but I think it was the ice cubes in one of the drinks I had 
that must have done it. I was totally helpless for two days. It's a 
good job I was on an organised tour. Jackie, the guide, was 
amazing, she was just so helpful. She'd seen it all before she said. 


S p e a k e r 2 
Oh, we had an absolutely wonderful time; the weather was 
fantastic, really mild. I needn't have taken half my clothes. It was 
nice going out of season 'cos there were hardly any other tourists 
there. We didn't need to book, we just turned up. We bought a 
couple of guide books before we went. This one was completely 
hopeless, you know out of date and inaccurate. This one, Roper's 
guide, was invaluable. I don't know what we'd have done without it. 


S p e a k e r 3 
Well, I took plenty of cash, US dollars, with me. At the airport 
there's this sign which says you have to declare all your foreign 
currency and change a lot at the official rate. It's one of those 
things you're supposed to do but nobody in their right mind takes 
any notice. I got twice as much as the official rate on the black 
market. Don't bother to take one of the official guides either, 
they're a complete waste of time and unhelpful, all they're 
interested in is getting hold of your hard currency. Don't change 
too much into local money either, it's completely worthless outside 
the country. 


S p e a k e r 4 
What a difficult lot. I told them, I said you must be here in the 
lobby by seven o'clock. I was hopeful we could make a quick 
getaway. We were going to the Tower of London. That was the first 
stop. You know what it's like when you get there. They all want to 
see the priceless crown jewels. Sometimes people have to wait an 
hour to get in. Anyway, I also warned them about not leaving 
anything valuable lying around. You know what it's like with 


thieves and pickpockets about. Well, to cut a long story short, it 
was a disaster from start to finish. 


S p e a k e r 5 
You need to go there to really appreciate it. The people are lovely, 
really friendly and hospitable. The couriers took really good care of 
us. You don't have to worry about anything. But for me the 
highlight of the trip was the visit to Petra. I must get the pictures 
developed. It was a long way to go but one of the most worthwhile 
things I've ever done. The temples and buildings are just cut into 
the rock you know. Incredible. One thing, is if you go, you should 
take some warm clothing. You wouldn't think it, being in the desert 
and everything, but it gets bitterly cold at night. I was frozen but I 
managed to buy a jumper at a street market... 


PAGE 6 6 J u l i e t a l k s a b o u t h e r h o l i d a y p l a n s . 


F r i e n d : What are you doing this summer for your holiday, Julie? 
J u l i e : I'm going off with some friends. We're going to the Lake 


District for about ten days or so. 
F r i e n d : Oh, you camping? 
J u l i e : No, we'll be staying in youth hostels most of the time. We're 


going to do a lot of walking but we'll be able to get to a youth 
hostel by the end of each day. 


F r i e n d : Oh, tell me, what will you be taking with you, then? 
J u l i e : Well, a pair of really good walking boots for a start and quite 


a lot of clothing. You can never be sure what the weather's going 
to be like. Well, it can be lovely one moment and grotty the next. 
When you're up high too, it can even snow on a summer's day! 


F r i e n d : Sounds a bit dangerous. Do you have to take any special 
equipment or anything with you? 


J u l i e : No not really. Oh, we have to take those survival blankets 
which you can wrap yourself up in, you know, just in case, but 
apart from that nothing special. 


F r i e n d : Oh yeah, I know. One of those silver things you see them 
wearing at the end of marathons. 


J u l i e : That's it. Oh, a map and compass, of course, sleeping bags 
for the youth hostel, waterproof jacket and trousers, oh and a 
camping gas stove and kettle so that we can brew up. But no 
tent. I took one last year but I needn't have bothered. I didn't 
use it once. 


F r i e n d : So you've done this sort of thing before. 
J u l i e : Oh yeah. This'll be my fourth visit to the Lakes. How about 


you? Have you got any plans? 
F r i e n d : Well, I'm not sure. I might be going to Greece or Turkey. 


PAGE 66 P r o n u n c i a t i o n 


L i s t e n to t h e di f ference b e t w e e n t h e p r o n u n c i a t i o n of /1/ in 
t h e s e t w o w o r d s : 


hotel 


hotel 


hostel 


hostel 


I n 'hote l ' t h e s o u n d i s m a d e t o w a r d s t h e f ront o f t h e m o u t h . 
I n ' h o s t e l ' , t h e b a c k o f t h e t o n g u e i s r a i s e d . N o w l i s ten t o 
t h e s e w o r d s f rom t h e l i s t e n i n g a n d d e c i d e i f t h e y a r e l ike 
' h o t e l ' o r ' h o s t e l ' " 


1 
2 
3 
4 
5 
6 
7 
8 
9 


holiday 
tell 
able 
lake 
kettle 
This'll 
Well 
We'll 
lot 


holiday 
tell 
able 
lake 
kettle 
This'll 
Well 
We'll 
lot 
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UNIT 6 Changes 


PAGE 72 Ros ie t a l k s a b o u t h e r life. 


I n t e r v i e w e r : Rosie, you agreed to draw two social circles. Now 
would it bother you at all to go into them? 


Rosie : Well, I suppose it could be a bit embarrassing but, well, I'll 
try and be as straightforward as I can. 


I n t e r v i e w e r : I guess the first question that anyone would ask, is 
what happened to Simon? 


Ros ie : I was afraid you'd ask that. Well, to cut a long story short, 
I'd been going out with him since I was 16. When he was 18, he 
went away to university and, when he was away, I fell in love 
with Clive. 


I n t e r v i e w e r : Where had you met Clive? 
Ros ie : Clive was Simon's best friend from school. I'd known him a 


long time. 
I n t e r v i e w e r : And he'd been going out with Lucy? 
Ros ie : Yes, that 's right. Well, they split up over something silly 


and the following weekend there was a party on, and Clive and I 
went together 'cos Simon was away. Well, it seemed the natural 
thing to do. Then quite simply, we realised we loved each other. 


I n t e r v i e w e r : How did Lucy and Simon take this? 
Ros ie : Well, Simon was really upset for a while but he soon found 


a new girlfriend at university. I think he got over it pretty 
quickly really. As for Lucy, well, she was furious because she 
said it had only been a lover's quarrel and that I'd pinched Clive 
off her. 


I n t e r v i e w e r : Well, in a way, hadn't you? 
Ros ie : Yeah, I know it sounds awful and I felt rotten at the time 


but I couldn't help myself. Later on I made it up with Lucy and 
we still see each other from time to time. 


I n t e r v i e w e r : And what about Simon and Clive? 
Ros ie : Well, they fell out completely and haven't spoken to each 


other since. 
I n t e r v i e w e r : And what about your parents? There seems to have 


been something of a change there. 
Ros ie : Well, my dad really liked Simon - he was going off to study 


to be a doctor and he's quite smart and was always polite -
whereas Clive was unemployed at the time and wore an earring 
and things. Well, there were some terrible rows. Dad even 
refused to come to the wedding. We're just about talking to each 
other now but relationships are very tense still. Since Sophie 
was born, I've been getting on much better with my mum. I get 
on really well with Tom, my father-in-law, and I've grown much 
closer to my auntie Cathy. 


I n t e r v i e w e r : Why's that? 
Ros ie : Well, I was brought up to think of her as the black sheep of 


the family. She'd been a bit wild when she was young and got 
kicked out of her home and I think she could understand what 
I'd been through. 


I n t e r v i e w e r : And your grandmother? 
Ros ie : Oh, she passed away two years ago. 


PAGE 77 H a r r i e t Wil l iams t a l k s a b o u t h e r ch i ldhood . 


H a r r i e t : As you know, I was born in India. My father had a 
terribly important job - he was in charge of building projects for 
an entire region and supervised the construction of dams, roads, 
bridges and suchlike. I didn't see much of him as a child as he 
was often away. And when he was home, the house would be full 
of engineers with plans and papers. 


The house I remember very clearly. You wouldn't call it a 
mansion but it was extremely large and painted white with a 
veranda and lovely grounds for me to play in. We had servants 
and all the years we were there my mother never had to lift a 


finger to do anything. I had a number of nannies and, being the 
only daughter, I was spoilt by everyone. My two elder brothers, 
poor lambs, were packed off to boarding school in England at the 
age of seven and I was brought up with a tremendous sense of 
my, and my family's, self-importance. 


In the summer, the women and children would go to the hills 
but the men worked on through the heat on the plains. And it 
was during the summer that my father fell ill and could not 
continue with his job. We had to return to England. That was in 
1920 and I remember being very seasick on the journey home. 


In India everyone talked about going home but the reality for 
me was a terrible shock. When we landed, it was cold and grey 
and I was surprised at seeing so many white faces around me. I 
realised I wasn't special any more. We travelled first class up to 
London but it was nothing compared to travelling first class in 
India. And I was so disappointed in our house. It seemed so 
cramped and dingy. I felt that I had really come down in the 
world. We only had one servant and she didn't live in. My 
mother tried to do the cooking - oh, she did her best but at first 
she made a terrible mess of everything. 


But the worst thing about coming back was what happened to 
my father. From being responsible for major projects and 
hundreds of people, he suddenly became just one of many 
working in the ministry. He never got used to it and somehow 
seemed to physically shrink in the last few years before he 
retired. 


As for myself, oh, we had always had the best in India but in 
England we had to make do with ordinary things. In India I had 
my clothes made and I remember, I am ashamed to say, being 
terribly upset at having to buy clothes from a shop, off the peg 
as it were. I thought this was awfully common. And at first I 
expected to be waited on hand and foot but gradually I came 
round to the idea of doing some of the housework. 


Looking back on it, it seems incredible how dramatically my 
life changed. Actually, I think the change did me good because 
my upbringing in India had made me into such a little snob and 
coming home to England taught me what ordinary life was 
really like. 


PAGE 77 P r o n u n c i a t i o n 


L o n g a n d s h o r t vowels 


1 L i s t en to six w o r d s a n d dec ide w h i c h o n e you hea r . 
1 reach 2 feel 3 pull 4 fool 5 shot 6 cot 


2 Dec ide w h a t t h e s p e a k e r i s say ing . 


1 When did she leave? 
2 Was she shot? 
3 Can you fill it? 
4 He's a little full. 
5 What a pretty port! 


UNIT 7 The Natural World 


PAGE 83 L i s t en to p a r t of a s econd a d v e r t i s e m e n t for 
G r e e n p e a c e . 


Planet Earth is 4,600 Million Years Old. 
If we condense this inconceivable time-span into an 


understandable concept, we can liken Earth to a person of 46 years 
of age. 


Nothing is known about the first 7 years of this person's life, and 
whilst only scattered information exists about the middle span, we 







Tapescrtpts 


know that only at the age of 42 did the earth begin to flower. 
Dinosaurs and the great reptiles did not appear until one year 


ago, when the planet was 45. Mammals arrived only eight months 
ago. In the middle of last week, man-like apes evolved into ape-like 
men, and at the weekend the last ice-age enveloped the earth. 


Modern man has been around for 4 hours. During the last hour 
Man discovered agriculture. The industrial revolution began a 
minute ago. 


During those sixty seconds of biological time, Modern Man has 
made a rubbish tip of Paradise. 


He has multiplied his numbers to plague proportions, caused the 
extinction of 500 species of animals, ransacked the planet for fuels 
and now stands like a brutish infant, gloating over this meteoric 
rise to ascendancy, on the brink of a war to end all wars and of 
effectively destroying this oasis of life in the solar system. 


PAGE 85 Pronunciat ion 


3 Listen to someone reading part of the Greenpeace text 
aloud and mark where he makes mistakes wi th the 
pronunciat ion of th. 


Despite the fact, too, that we can create environmentally-clean 
industries, harness the power of the sun, wind and waves for our 
energy needs and manage the finite resources of the earth in a way 
that will safeguard our future and protect all the rich variety of life 
forms which share this planet with us. 


PAGE 85 Peter Whitehead interviews Frances Kelly. 


Peter Whitehead: The Campaign for Clean Air has just issued a 
report on air pollution and we have in the studio Frances Kelly 
of the CCA who's going to tell us something about the dangers 
we face from air pollutants. 


Frances Kelly: Hello. 
Peter Whitehead: Let's start with sulphur dioxide which causes 


acid rain. I thought the government was doing something about 
that . 


Frances Kelly: Well, they are but slowly. Sulphur dioxide 
emissions from power stations are still going on and the 
resulting acid rain is still killing off fishes and plant life in lakes 
and destroying the forests. And we in Britain are among the 
worst culprits when it comes to this kind of pollution. 


Peter Whitehead: What are the other pollutants? 
Frances Kelly: Carbon monoxide and carbon dioxide. Carbon 


monoxide, which is mostly produced by motor vehicles can, even 
in small doses, cause sickness and a slowing of the reflexes and 
there is strong evidence to show that it has an effect on the 
growth of children. 


Peter Whitehead: And carbon dioxide? 
Frances Kelly: Well, in a way this is the least dangerous of the 


pollutants we've mentioned but in the longer term it may be the 
most damaging. 


Peter Whitehead: Why? 
Frances Kelly: There is clear evidence that the build-up of carbon 


dioxide in the atmosphere is the main cause of the Greenhouse 
Effect. This will have dreadful results like the melting of the 
polar ice caps and the subsequent flooding of low-lying areas. 


Peter Whitehead: So what you're saying is that the increased 
amounts of carbon dioxide in the atmosphere is making it 
warmer. 


Frances Kelly: Yes, that 's right and the results will be 
catastrophic. 


Peter Whitehead: And what should we be doing about this? 
Frances Kelly: Frankly, the government has got to impose far 


stricter controls on these emissions and bring in tough 
legislation to deal with the problem. 


Peter Whitehead: Frances Kelly, thank you very much. 
Frances Kelly: Thank you. 
Peter Whitehead: After the news we hope to be talking to the 


Minister for the Environment, Patrick Hilliard.... 


PAGE 86 Listen to these five people describing 
experiences which are all to do wi th cars and travell ing by 
road. 


Speaker 1 
With a flick of the switch the canopy folds back and there you are 
with the wind in your hair and the sun in your face. This is what 
driving should be all about. This re-styled 900 restores some of the 
fun and traditional pleasures to modern day motoring. Its sleek 
design and state of the art sixteen valve engine under the bonnet 
mean that you can effortlessly glide along the motorway although 
you'll have to keep an eye on the speedometer as it can go 
deceptively fast . 


Speaker 2 
Well, it was dreadful really, we were right near the main road and 
each time a lorry came by the whole building shook. I mean, it 
looked nothing like the brochure. We'd expected a quiet little 
cottage in the middle of nowhere and instead we got a massive, you 
know, erm dual carriageway, outside the back door. And the smell, 
I mean, you needed to wear a gas mask. 


Speaker 3 
Never seen anything like it, it was just like a skating rink... cars 
were skidding all over the place. I'm really lucky to have that ABS 
thing, you know the, erm, the device that stops your car from going 
out of control if you brake - it's like a - a computer controls the 
braking on the wheels. I used it once or twice and believe me, I 
don't think I'd ever go for a car that didn't have it. Anyway a lot of 
people just gave up and erm left their cars by the side of the road. 
Gave three of them a lift as a matter of fact. 


Speaker 4 
Right, thought it would be you? Have you run into a bit of trouble 
then? Yeah that 's right, junction eighteen, just after the service 
station, you'd better check it on the map though. So once you leave 
the motorway - a couple of miles past the services - erm, make sure 
that you, er, get into the right hand lane so that you can turn right. 
At the first roundabout, do a right and carry on a bit. There's a 
junction at the end and a petrol station, you can't miss it. 
Speaker 5 
He didn't indicate or anything. He just shot out, must have been 
dreaming. Anyway, the car behind was just as much to blame. He 
overtook on the bend and bang that was it. The second one 
swerved but, well, it was unavoidable by then. One of them 
smashed his windscreen and there was glass all over the road from 
the lights. I expect I'll be called as a witness, but as far as I'm 
concerned they're equally to blame. There was also this stupid girl, 
with a dog which wasn't on a lead, that can't have helped either. 


PAGE 90 2 Three council lors, Eric, Charles and Bernice, 
are discuss ing the proposals to build a by-pass around 
Marsham. 


Eric: OK, OK, now everyone has finally turned up let's get this 
meeting underway, shall we? Bernice, perhaps you'd like to 
begin. 


Bernice: Right. Thank you, Eric. Well, as I see it, if we stop traffic 
coming through the centre of the village, then it'll be the 
beginning of the end for it. I mean there are an awful lot of 
people who stop off in the town and use the facilities we provide. 
Before long we'd be a ghost town. Lots of other villages have died 
out because they are no longer on the road to anywhere. 







Tapescript 


Eric: Charles. What do you think? 
Charles: I'm afraid I just can't agree... With the by-pass we'll be 


able to improve the quality of life of people in the village 
immeasurably. We can't carry on like this, you know loads of 
huge lorries coming through the village. After all, it's these 
people, the, erm, villagers, we should be worrying about rather 
than the needs of passing motorists. 


Eric: This is all very well in theory, and I don't think anyone 
would argue with you that the traffic makes the erm High 
Street unpleasant, but the thing is I'd like to bring up the effects 
that the by-pass could have on the village. I mean, Bernice is 
right... without the passing trade then lots of small shops will go 
out of business. Local people use them too but without the extra 
business they just wouldn't be able to survive. 


Charles: I see your point, Eric, but other businesses will grow up 
in their place. Jus t think what the centre of the village would 
look like without the traffic. As I see it, we'll be able to have 
restaurants and cafes and a lot more people would come to the 
village for its tourist attractions. 


Bernice: What nonsense, you're living in a dream world, Charles. 
What tourist attractions? 


Charles: Well, there's the church, that 's seven hundred years old... 
and there's the old medieval covered market and there are lots 
of lovely old buildings which are really picturesque. 


Eric: And I suppose we could look into the plans we had before to 
open up the craft centre and the museum. Oh, and there are the 
ruins of the castle too. Jus t think of all the jobs and businesses it 
would create. We could have a souvenir shop and lots of things 
could be... 


Bernice: Goodness me, Eric, I really don't believe it. You're as bad 
as he is... The place would lose its character as a real working 
village. I want to do my shopping not buy souvenirs. I can't eat a 
souvenir. A working village, with lots of people passing through, 
that 's what I want... 


Eric: Well, that's all very well, but what's the point if the people 
who live here can't actually enjoy it any more. I mean, you risk 
your life each time you step off the pavement at the moment. It's 
only a mat ter of time before someone gets killed. 


Bernice: Well, I quite agree with Eric for once. We need to do 
something to make it safer but I'm sure that if it comes down to 
people still having shops and a job or turning into a sleepy 
picture postcard village, I think I know what they'll go for. Just 
think of the erm the garden centre and the garage as you come 
into the town. They employ loads of people... 


3 Listen aga in and make notes . 


UNIT 8 Judging by Appearances 


PAGE 97 Clive and J e n n y discuss their w e e k e n d dates 


Clive: Hi Jenny. 
Jenny: Hi. 
Clive: How did it go then? 
Jenny: Pretty mixed really. 
Clive: Oh yeah? 
Jenny: Yeah. He wasn't exactly the man of my dreams. 
Clive: What happened then? 
Jenny: It was pretty nerve-wracking, actually, waiting outside the 


station for him to turn up. Like being 14 all over again. 
Clive Yes. I know what you mean. Still, he didn't stand you up, did 


he? 
Jenny: No, no. He turned up all right. 
Clive: So what did he look like? 
Jenny: Well, he had reddish hair, glasses - quite good-looking, I 


suppose, - not very tall, about your height, in fact. 
Clive: Charming! 
Jenny: I didn't mean it like that but I guess I was expecting 


someone much sportier, someone who likes the outdoor life. 
Clive: Well dressed? 
Jenny: Not particularly. Bit scruffy really. Wore a leather jacket 


and a pullover. 
Clive: Really? 
Jenny: Yeah. 
Clive: And what was he like? 
Jenny: Not that exciting I'm afraid. 
Clive: Why not? 
Jenny: Well, at first I thought he was OK, but then we went off to 


a pub and all he could talk about was politics. 
Clive: But you're into that, aren't you? 
Jenny: Yeah, but not all the time. He went on and on. He said he 


had a great time but I couldn't get away fast enough. 
Clive: Oh dear. 
Jenny: He wants to see me again. Asked me if I wanted to go to a 


demo on Saturday. 
Clive: You're kidding. 
Jenny: No. I'm not going. Anyway, how about you? 
Clive: Well, I have to admit that I almost chickened out. 
Jenny: Typical. 
Clive: Well, I didn't and I had a great time. 
Jenny: Did you? Tell us all about it then. 
Clive: We just went out to an Italian I know and had a nice meal 


and chatted away merrily. You know, we found out that we'd 
lived in the same street as kids. 


Jenny: How amazing! 
Clive: But we couldn't remember each other. 
Jenny: Was she pretty? 
Clive: Very. She was very chic - all in black, short black hair and 


not much make-up. 
Jenny: She sounds a bit serious to me. Not really your type. 
Clive: No, no, not at all. She had a great sense of humour. Funny, 


you don't expect that from someone who's an accountant. 
Jenny: Going to see her again? 
Clive: Yeah, she said to give her a call. 


PAGE 107 Margot, the colour consultant, and Ambrose, the 
interviewer, are discuss ing the right colours for them to 
wear. 


Margot: Well, in the old days, I think I used to go for stuff, for 
colours just because they were fashionable, you know the in 
colours of the time. 


Ambrose: Like black these days. 
Margot: Um, that 's right. And I mean lots of people, I'd say most, 


look dreadful in black, it just doesn't suit them. I mean, people 
who are pale and blonde just look so washed out if they wear i t . 


Ambrose: But they do, 'cos of fashion. 
Margot: Yeah that's right. 
Ambrose: So could you tell listeners what sort of impact this has 


had on your life. 
Margot: Sure, well, let me start with my details. I've got reddish, 


chestnut hair and hazel eyes and like lots of red-haired people 
I've got quite a few freckles. 


Ambrose: Huh huh... 
Margot: So all of this makes me, erm my classification, is 'warm'. 
Ambrose: 'Warm' that's interesting, so what does this mean? 
Margot: Well, before I used to wear a lot of blues and greys but I 


was advised they didn't suit me and so I just, I got rid of them. 
Ambrose: Brave of you... 
Margot: And instead I switched to greens, golden browns and so 


on. 
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Ambrose: That's why you're wearing these colours yourself. 
Margot: Right. 
Ambrose: So what advice would you have for me then? Does it 


work for men too? 
Margot: Yes of course! Well, you've got brown eyes and hair and 


black skin, which makes you a 'deep' person. 
Ambrose: Deep! I like that... 
Margot: Hah hah, this means that you can wear black and greys, 


but my advice to you would be to offset them, erm contrast them 
with really bright, vivid colours like turquoise, red or yellow. 
Steer clear of pastels as they just won't suit you at all. 


Ambrose: You're right you know 'cos I remember once I bought 
this... 


PAGE 102 Pictures of the soul 


Joseph: Yes. You're right. I can see this could be quite a useful tool 
for people like us, social workers and teachers. It's often difficult 
for us to assess the personality of some of the kids we have to 
deal with... 


Paul: I'm sorry, Joseph, but I'm afraid I have less sympathy for the 
idea. It seems rather like erm black magic to me... 


Joseph: Well, I'm sure it isn't, Paul. Erm, do you think, you could 
actually talk us through some examples. 


Angela: Well, as a matter of fact I've brought some along to show 
you. Let's look at the first one, shall we? 


Paul: OK. 
Angela: Well, this, looks like the work of a happy child and well-


balanced individual. 
Joseph: What makes you say that, Angela? 
Angela: Well, there's a lot of life in it. There are people and 


animals. 
Joseph: Mm, it's very energetic, there's an awful lot of activity in 


it, isn't there? 
Paul: I think you're reading too much into this one picture, Joseph. 
Angela: Well, I take your point but let's compare it with the 


second one. Well, my guess is the child must be deeply unhappy. 
Paul: What do you mean? How can you be so sure? 
Angela: It would be dishonest of me to say I was 100 per cent sure. 


All the same, the picture is just too neat and cautious, there are 
no white spaces either, there are just erm buildings with nothing 
else. There's a lot of anxiety there. 


Paul: Really? It just looks neat and pretty to me. 
Joseph: But that 's just it. This is a picture from a kid who 


desperately wants to please adults, you know parents and 
teachers. 


Paul: So what you're saying, Joseph, is that it's too controlled, that 
there is no spontaneity in it. 


Angela: Exactly... In fact, I'd say it expresses a fundamental 
misery. 


Paul: This is all very well, but how can you really tell? How can 
you be tha t sure? You know it could be a bit irresponsible to 
make a very important assessment or judgement about a child 
on the basis of their drawings. 


Angela: I agree. There's no point in the exercise if it's unreliable 
you know erm hit or miss. 


Paul: Right... So how did you actually go about working it out? 
Surely it's impossible to come to any conclusion without seeing a 
lot of drawings from the same person. 


Angela: Oh. I see. I think I understand what you're getting at. 
There has been a lot of research done. Psychologists have 
studied thousands of pictures by kids and matched them up. 


Joseph: I'm sorry, but I don't quite follow you... 
Angela: What I mean is, is that the same kind of child tends to 


produce the same kind of drawing and patterns. 
Joseph: Mmm... I see. 


Paul: Mm, this is interesting. Let's have a look at one more, shall 
we? 


Joseph: It's difficult to make out what's going on. 
Angela: Yes, you're right... There is a lot of scribbling and quite a 


bit of confusion in it... 
Paul: It look as though there is a lot of anger there... 
Angela: There is some writing too but it's completely illegible... 
Paul: So what does it all mean, then? 
Angela: Well, you're right about anger, Paul. We generally 


associate this kind of drawing with children who are 
disobedient, you know who don't do as they're told. They're often 
incapable of concentration. 


Paul: Well, I must say, the more I hear you talking about this, the 
more I think there could be something in it. How could I find out 
a little more about the whole thing? Are there any books you 
could recommend? 


UNIT 9 Teenage Cults 


PAG E 105 Listen to these five men talking about 
experiences they have had connected with clothes. 


Speaker' 1 
Well, it was really awful, you know. It was a wedding reception erm 
in the middle of town in a posh hotel. So, I was feeling really rather 
pleased with myself. I had on this beige Italian suit - very 
expensive and a beautiful tie and silk shirt. Everything went 
beautifully. But when I walked into the ballroom where the 
reception was being held I almost died. Everybody else, and I mean 
everyone was dressed up in evening dress. I swear everybody 
stopped talking when I went into the room. Well, what would you 
have worn at two o'clock in the afternoon? And the bride's mother -
if looks could have killed. I don't think I appeared in any of the 
photographs. 


Speaker 2 
So anyway, I found this lovely pair of trousers, they were made of a 
kind of soft cotton, and I went to a changing room and tried them 
on. I thought they looked OK but that they were a bit loose round 
the waist -1 wouldn't have that problem these days. Anyway when 
I got out of the changing room the assistant came up to me and 
asked me how they felt. I said fine but asked whether they would 
stretch or shrink when they were washed. Quick as a flash he said 
to me 'Well, what do you want them to do?' We both laughed and I 
bought them anyway. 


Speaker 3 
I was really upset... I'd had those jeans for ages and they were 
really faded and looked, you know, really cool and fashionable. 
Anyway, I got home after school and went to change out of my 
uniform and I couldn't find them anywhere, so I asked mum if she'd 
seen them. 'Those scruffy old things,' she said, 'I threw them out,' 
she said. 'They were an absolute disgrace.' Scruffy old things! They 
were my favourite! I was really upset. If I ever have kids, I'll never 
do that, I thought it was really mean. 


Speaker 4 
Well, I really liked it, the colour really suited me, the only thing is 
that the sleeves were a bit too long. So I asked if they could take 
the sleeves up for me a couple of inches. The girl in the shop said it 
would cost me thirty pounds. I just couldn't believe it. 'Thirty 
pounds!' I said. After all, I was ready to spend almost a hundred on 
a jacket. The girl said that it was because they had to send the 
jacket out to an erm outside, you know alterations place, tailor. In 
the end I left it - just as well really, it would have clashed horribly 
with the trousers. 







Tapescrtpts 


S p e a k e r 5 
It was a really beautiful day and the others suggested going for a 
dip. Now I hadn't brought my things with me but in the end, well, I 
borrowed a pair of t runks from Keith. They were a bit on the large 
side but I didn't think anything of it. I ran into the sea and started 
swimming around and we all played with a ball, you know, 
throwing it to each other.. Then out of nowhere a huge wave came 
along and everybody was swept off their feet. Well, you can guess 
what happened. The trunks flew off and I was left stranded in the 
sea. The others thought it was hilarious. I had to beg them to bring 
the t runks back to me. Everybody on the beach was laughing too. 
They knew what was going on. 


PAGE 105 P r o n u n c i a t i o n 


R i s i n g i n t o n a t i o n 


1 I n t h e l i s t e n i n g s p e a k e r s t h r e e a n d four r e p e a t w h a t 
s o m e o n e else h a s sa id . T h e y b o t h u s e r i s i n g i n t o n a t i o n t o 
e x p r e s s disbelief. L i s t e n a g a i n a n d t r y a n d c o p y t h e i r 
i n t o n a t i o n . 


Thirty Pounds! 
Scruffy old things! 


PAGE 107 L i s t e n t o s o m e o n e t a l k i n g a b o u t G o t h s a n d 
m a k e n o t e s . 


Shall we move onto something else. Well, of course these are 
Goths. You can tell from the, erm the costume and make up. 
They're really interesting. When they started up in the early 
eighties nobody thought t h a t they would, um, you know, last. 


They were a mixture of quite a lot of other fashions... you know 
the emphasis on black, well this was something that was very 
much punk. There was also another fashion at the time -1 don't 
know whether you remember it or not - well it was called the New 
Romantics - people dressed up in erm, you know, velvets and lace 
and stuff like that. Soft and rich fabrics. It looked a little bit like 
fancy dress I guess. It took its erm inspiration from, what, 
aristocratic fashion from two hundred years ago. 


Anyway, as I was saying the Goths were really a mixture of all 
these things. But what makes them different I suppose is their 
philosophy. They are into mystical things and wear silver jewellery, 
often with a religious significance. They can look really striking 
with their white skin and swept back hair, you know they brush it 
right back. 


Another thing is that they have a rather negative view of life. 
You know, you expect young people to be optimistic and full of life 
and enthusiasm, but Goths aren't like that. 


They are quite pessimistic and interested in death. They have 
this att i tude that everything is erm doomed and somehow tragic. 
They also have this fascination with TV programmes like the 
Munsters and the Addams family. It seems to appeal to kids, and I 
think there are always lots in every generation, who like to look on 
the dark rather than the bright side of life. You can erm go almost 
anywhere in England now, even to the smallest village and find a 
few Goths together as a small group, very much isolated from 
other kids of the same age. 


The name Goths, of course, comes from the neo Gothic period, 
you know Dracula, Frankenstein, Mary Shelley and all that. 


PAGE 111 T h e r a d i o p h o n e - i n 


P a r t A 
P r e s e n t e r : Our next caller is Rachel who is from South London. 


Go ahead Rachel. 
R a c h e l : Hello, Doctor Howard. 
Dr H o w a r d : Hello, Rachel. How can I help you? 


R a c h e l : Well, you see it's about my son, Mark. He's almost 18 and 
he hasn't been able to find a job since he left school. 


Dr H o w a r d : When did he leave? 
R a c h e l : It'll be a year in July. 
Dr H o w a r d : And what seems to be the problem? 
R a c h e l : It's like this. Mark used to be such a nice, outgoing sort of 


boy but over the last few months he's changed quite a bit. 
Dr H o w a r d : So, can you describe what has happened? 
R a c h e l : Well, after he was turned down for several jobs he got 


depressed and withdrawn which was bad enough, but now it's 
got much worse - he's become really moody and aggressive. 


Dr H o w a r d : Moody and aggressive? 
R a c h e l : Yes, and he's started mixing with some boys I don't like 


very much. But to tell you the truth, I think he's started taking 
drugs. 


Dr H o w a r d : What makes you think that? 
R a c h e l : Well, as I said, there are his change of moods. One minute 


he's very depressed and the next minute he becomes very 
excited - you know, he can't sit still. Another thing is stuff has 
disappeared from the house. Some of my jewellery has gone and 
some money and so has Mark's cassette player. 


Dr H o w a r d : Does he know you know about the cassette player? 
R a c h e l : Yes, he does. He told me he'd let a friend borrow it. I was 


really surprised because he's always been so keen on music. 
When I asked him about it a couple of days later, he just told me 
to mind my own business. Another thing is that he just doesn't 
look after himself any more or care what he looks like. And I've 
noticed strange smells in the house too. 


Dr H o w a r d : May I ask you, Rachel, are you still married? 
R a c h e l : Yes I am but my husband spends a lot of time away. He's 


in the merchant navy, you see. 
Dr H o w a r d : From what you've said the change in your son has 


been quite dramatic. What I suggest... 


P a r t В 
R a c h e l : Yes I am, but my husband spends a lot of time away. He's 


in the merchant navy, you see. 
Dr H o w a r d : From what you've said the change in Mark has been 


quite dramatic. What I'd suggest is that you try and sit down 
with him and have a quiet chat about things. Approach him as a 
friend rather than as a mother. Try to get to the bottom of things 
and see how he feels. Something else which I would suggest is 
that you get in contact with one of his old teachers or your 
family doctor and ask them to have a chat with Mark. Someone 
he respects and could have a chat with. 


R a c h e l : And what if that doesn't work? 
Dr H o w a r d : Well, if you do feel he is taking drugs, then I should 


contact the police. 
R a c h e l : Turn my own son in to the police! 
Dr H o w a r d : It may seem harsh but it's probably the best course 


of action in the long run. 
P r e s e n t e r : OK, thank you Rachel. I hope things sort themselves 


out for you and Mark. Our next caller is... 


UNIT 10 Us and Animals 


PAGE 116 L i s t e n t o M a g n u s a n d P a t r i c k d i s c u s s i n g t h e 
p r o b l e m . 


M a g n u s : Well, what do you think he should do? 
P a t r i c k : Well, it's tricky isn't it. He could start by taking the 


cabbage across. 
M a g n u s : No that won't work, the goose will get eaten by the dog. 
P a t r i c k : Oh, yeah. You've got a point. Well how about... first of all 


he takes the goose, 'cos the dog won't eat the cabbage, will it? 
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Magnus: That's a good idea... But then what should he do next? I 
know, why doesn't he row back to the other side, then pick up 
the dog. 


Patrick: But wait a minute, won't he still have the same problem? 
I mean we can't leave the dog with the goose, can we? 


Magnus: Oh no, of course not. I'm not sure what to do. 
Patrick: I know. I've got an idea. We could always you know, work 


it out with a diagram. OK, this is the river and this button is the 
dog, the paper clip's the cabbage and erm, this coin can be the 
goose... 


Magnus: Great, now let's try again shall we ... 


PAGE 117 Listen to these s i tuat ions and choose the 
correct answer. 


Quest ion 1 
Child: Oh no! 
Mother: What's wrong, sweetheart? 
Child: It's Teddy, he's not here. Teddy's not here. 
Mother: What? 
Child: I left it at grandma's. 
Mother: What do you mean... you left it? 
Child: In the bedroom. I want it... 
Mother: But we're almost home. Are you seriously saying that you 


want me to drive all the way back to grandma's house... 
Child: Please. 


Quest ion 2 
Butcher: Hello, Higgins the butcher... Yes, hello Mrs Adams... A 


problem with the order? Right... you didn't get the chops or the 
sausages... what?... and the chickens? I really don't know what 
could have gone wrong... 
Look, if it's OK with you... I'll check the order... Mm... I've got a 
horrible feeling it could have... yes, that's it, gone to the wrong 
place. Yeah. Right you are. I'll look into it straight away and 
give you a ring in a couple of minutes... bye for now... 


Quest ion 3 
Presenter: So strangely, it is the male who plays an important 


part in the incubation and hatching process. There isn't a nest 
as such for very obvious reasons: the environment is unable to 
support vegetation. As you can imagine the eggs cannot be left 
for a second because of the inhospitable Arctic conditions. So 
what happens in this instance is the female goes off in search of 
food while... 


Quest ion 4 
Adult: And so, can you guess what happened next? Yes, Mrs Large 


went down to the kitchen and crept in ever so quietly, and then 
she stood on a stool to get the cake. See she was so hungry even 
though she wanted to get nice and thin... and there inside there 
was only one slice left. Yes... all her naughty children elephants 
had gobbled it all up. So you can imagine how she felt. 


Quest ion 5 
Doctor: So what happens? 
Patient: Well, erm, I get all, you know, wheezy and things, can't 


breathe properly, and my eyes start to itch. 
Doctor: I see. And it's just horses you say. 
Patient: Yeah. 
Doctor: Does it run in the family? 
Patient: Sort of. My mum, she was allergic to anything, you know, 


dogs, cats and things. That's why we never had pets, but with 
me it just seems to be horses. 


Doctor: What about feathers and dust? 
Patient: Ah well, now you come to mention it, I do sneeze a lot. 


Quest ion 6 
N e w s presenter: Last night, laboratories on the Madingley road 


were broken into and many of the animals were released. 
Computers and experimental equipment were also destroyed in 
the raid. The Animal Liberation Front has accepted 
responsibility for this action. A security guard was badly injured 
in the attack. Members of the scientific profession and doctors 
investigating new drugs in possible cures for cancer have 
condemned the raid as totally irresponsible and say t h a t it has 
put work in these vital areas back at least two years. 


Question 7 
First man: It was amazing really, there I was, just standing by the 


sink, you know, doing the washing up. 
Second man: Oh yeah... 
First man: When along comes this fox, I couldn't believe my eyes. 


It just trotted up the path as bold as brass. It finished off Toffee's 
food which we'd put outside, can't stand the smell. 


Second man: Goodness.. 
First man: And then it turned and looked at me, straight in the 


eye, yawned and trotted off the way it had come. 
Second man: Well I never. 


Question 8 
Right, now as we approach the time of year when we are often 
looking for small presents, we would like to start a safety drive 
about these cute little things. They're called Foalings, they're little 
miniature horses, they're made of plastic and have manes and tails 
in bright fluffy material. Now these are fine, they are made to the 
highest standards in the States, the problem is these copies which 
are flooding street markets. Now they're made in the east and even 
though they may look the same, let's see what happens, see, the 
head just pops off- very dangerous for small children. Now look at 
how the manes catch light if they're near a flame. So they're 
potentially lethal toys... 


PAGE 123 The debate on v iv isect ion 


Presenter: Good morning everybody. I'm Joe Templer. It's eleven 
o'clock which means it's time for another edition of Crosstalk, 
the phone-in programme which looks at today's hot issues. The 
subject of today's discussion is whether vivisection - that's 
experimenting on live animals - is ever justified. Now if you 
want to take part in today's debate the number to ring is 0171 -
if you're outside London -833 3974. But before that, in the studio 
I have two guests to open the debate. They are Professor Anna 
Wright from Queen Margaret Hospital and Peter Savage of the 
Free the Animals Movement. Good morning to the both of you. 


Anna Wright: Good morning. 
Peter Savage: Good morning. 
Presenter: OK then, if you'd like to put your point of view first, 


Professor Wright. 
Anna Wright: Thank you. Now I must state categorically that for 


advances in medicine we count on being able to carry out 
experiments on animals. Without them, there would be no 
progress. We are unable to observe human beings in 
scientifically controlled conditions so, unfortunately, we have to 
rely on animals. Medicine's made enormous advances based on 
the results of vivisection. For example, our knowledge of the 
nervous system is largely due to vivisection. It has allowed us to 
find cures for many illnesses. Diphtheria, smallpox and ТВ used 
to be killers in the old days but not any more. If you were bitten 
by a dog with rabies, you had very little chance of surviving. 
Now there is an antidote. Cancer recovery rates have greatly 
improved thanks to the work done on animals. And I'm afraid 
drugs have to be tested on animals prior to their release on the 
market to check for side effects. Nobody takes any pride in 
causing suffering and I can assure the listeners it is kept to an 
absolute minimum. 
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Presenter : Thank you very much, Professor Wright. Over to you, 
Peter. 


Peter Savage: Thanks. I'd like to s tart by saying that I'm 
speaking on behalf of animals. On the issue of testing drugs on 
animals for side effects in human beings, as we know from the 
thalidomide case, it's very difficult to predict what the effect of a 
drug will be on h u m a n beings from tests done on animals. They 
just don't tell us the whole story. As for understanding the 
nervous system, I think most experts would agree that this 
could have been done equally well by careful observation and 
nothing more. Professor Wright points to the reduction in the 
number of deaths from diseases like diphtheria, ТВ and 
smallpox. This is utter nonsense because these diseases were in 
decline already and they've been on the decline primarily 
because of improvements in hygiene, not animal experiments. 
No, the whole thing is rubbish. If we look at penicillin and 
aspirin, two of the most famous modern drugs, these drugs were 
found by accident. So much for medical research! And Professor 
Wright's argument completely ignores the moral dimension. The 
point is experiments on animals should be stopped because they 
are cruel and inhumane. Dogs are made to smoke cigarettes and 
mice have shampoo and cosmetics squirted in their eyes to see 
what will happen. Dogs don't smoke and rats and mice don't 
wash their hair. Very often these animals have suffered so much 
they have to be put down. Basically, we should take care of 
animals not take advantage of them. 


Presenter: Thanks, Peter. OK then. So it's over to you, the 
listeners. Our first call... 


PAGE 123 Pronunc iat ion 


Sounds in sentences 


1 Listen to these s e n t e n c e s and phrases taken from the 
l i s ten ing and note what happens to the parts that are 
underl ined. 


1. It's eleven o'clock. 
2. It's time for another edition of Crosstalk. 
3. I have two guests to open the debate. 
4. I must state categorically. 
5. in the old days 
6. rats and mice 


PAGE 125 Listen to this expert talking about Animal 
Farm. 


Of course, one of the reasons t h a t Animal Farm is so interesting is 
that you can read it on two levels. On one level you can read it 
purely and simply as a fairy tale for adults -1 wouldn't recommend 
it to children as some pretty awful things happen to the animals, 
most of all Boxer. 


At, perhaps, a deeper level we can read it as a criticism of what 
happens to revolutions in general and what happened in the 
Russian revolution of 1917 in particular. There are some obvious 
parallels and comparisons which can be drawn: Major, who talks 
about Animalism, is obviously Karl Marx, the creator of 
communism, while the pigs represent the communist intellectuals. 
Manor Farm is Imperial Russia and Animal Farm the new Soviet 
Union. The quarrel between Snowball and Napoleon reminds us of 
the conflict between Stalin and Trotsky. The pig Napoleon, is, of 
course a kind of composite character and equals both Lenin and 
Stalin. Jones the farmer is the old Russian Tsar. Moses the raven -
the big black bird who talks about the animal heaven of 
'Sugarcandy Mountain' obviously represents the church. The other 
farmers who try to win the farm back are the heads of other 
European countries at that time, who were completely against 
communism. Frederick quite obviously represents Germany's Adolf 
Hitler. Boxer stands for the Russian working class which is worked 


and exploited both by the Tsar and later by his new communist 
masters. 


I think Orwell chose to tell his story as a kind of fairy tale so 
that he could make his point more readily. Full histories of the 
period, of which there are many, run to many hundreds of pages. 
Instead, Orwell makes his point beautifully, creates some 
believable and memorable characters and presents us with a 
poignant parable of what seems to happen with nearly all 
revolutions. 


UNIT 11 Your Cultural Heritage 


PAGE 128 Festivals 


Listen to five different m e n talking about festivals and 
special events. 


Speaker one 
I wish they'd just ban it. I mean it's just an excuse for hooligan 
behaviour. There's no fun it... I don't think it's funny throwing flour 
and water all over people. There was also this thing of cutting off 
men's ties with erm big pairs of scissors. You know it's a terrible 
thing... if you complain, then they just accuse you of being a bad 
sport but it was really excessive. It's just out of control...They have 
these big plastic club things too, which they hit you over the head 
with, you're supposed to laugh but well it's just not really very 
funny. 


Speaker two 
You should have seen his face when he found out. I mean, we'd 
arranged for all the girls from the offices in Spain and Brazil to 
send him cards, with lots of hearts and kisses all in erm lipstick. 
'We love you Milton,' they said. You know, 'Can't wait to make you 
mine'. Anyway he was as proud as a peacock, inviting everyone into 
his office. There they were on his desk, he thought he had these 
admirers from all over the world. It was hilarious. We could hardly 
keep a straight face. When he found out he took it very well 
though. He was a good sport I like someone who can laugh at 
himself. 


Speaker three 
The climax of the thing was this procession through the erm town. 
It was an absolutely beautiful, emotional occasion. There were 
these tiny children - some of them can't have been much older than 
six, anyway there they were on skis carrying lamps with the 
grown-ups not that far behind with real erm blazing torches - all of 
them were singing traditional hymns and carols. The spectators 
joined in too, I would have if I'd known the words and the language! 
We were right near the front and so we could see everything... 


Speaker four 
It used to be much better in the old days. It was more, you know, 
intimate when it started off. In the tent there would be the 
performers, the musicians and a maximum of about fifty people in 
the tents listening to them. There was much more of a relationship 
between people if you know what I mean. Nowadays it's all crowds 
and queues and lots of the performers use microphones and there 
are security guards, it's the opposite of what you'd expect a folk 
festival to be. 


Speaker five 
They must have been mad to do it. I mean some of the people were 
no more than boys and could run pretty fast but as for the others. 
Well, there was a really fat English bloke and he just couldn't keep 
ahead. The bulls they just ran over him. He was in a terrible state 
and they took him off in an ambulance. Still, by and large it was 
fun to watch and I guess it gave the bulls the chance for revenge. 
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One of the worst things for the runners was the fear of tripping up 
and falling over. You had to be able to jump as well. Still, it must 
have been really exciting for them but I wouldn't have done it for 
love nor money. There isn't really anywhere to escape to. 


PAGE 132 A Day Out in Cambridge 


Good morning, ladies and gentlemen. Please let me introduce 
myself. My name is Amanda Southgate and I would like to 
welcome you to the wonderful town of Cambridge on behalf of 
Culture Tours. I'm your guide today and it gives me great pleasure 
to introduce you to the most important sights of this town. We 
start our tour here at the Round Church, one of the few round 
churches in England. After that, we visit Trinity and Clare colleges 
and then walk along the backs to admire the daffodils which are 
now in bloom. Then we shall visit King's College and its beautiful 
chapel. After a brief look at Queen's College we stop for a picnic 
lunch. Please may I remind you not to walk on the grass and to 
keep to the footpath. Visitors are not allowed to enter lectures or 
living accommodation. 


This afternoon there will be a visit to the Folk Museum which 
shows how people used to live in the old days. Finally there will be 
an opportunity for you to experience a trip on a punt, which is a 
kind of boat you push along with a pole. I would not recommend 
you to try it yourself - it is easy to fall in the river. 


One last thing I would like to say before we begin the tour is if 
anyone should get lost don't forget to be back here at the Round 
Church at 4.30 in order to catch the coach back. Many thanks for 
being so patient. Now let us begin the tour. 


PAGE 133 At the Museum 


Curator: Hello everybody. I'm glad you've been able to make it. It's 
a shame about the weather though, isn't it? Anyway, if you'd like 
to follow me into the first room, I'll tell you a little bit about 
some of the exhibits there. 


Well, as you can see, there are a number of farming and 
domestic implements here which we have collected over the 
years. Of course, none of them are used any longer. In actual 
fact, we can sometimes have quite a job finding out just exactly 
what they were for! Now this first one I suppose you'd describe 
as a giant comb. And that 's just what it is - not for human beings 
though, but for wool. Once the wool had been sheared from the 
sheep then it would have to be combed to make it ready for 
spinning. Now if you look over here, you can see something 
which looks just like a huge frying pan with a very long handle. 
We had an Italian visitor in here last year who thought it was 
for baking pizza in a deep oven but it's actually a warming pan. 
In the old days you'd pop it into your bed to make it nice and 
warm. You'd take some coals from the fire or a hot brick, then 
you'd put it into the copper pan and make sure the lid was tight. 
Then, as I say, pop it in the bed. This one is an original but I 
should warn you about some of the ones you may come across in 
antique shops. They're quite often reproductions. So don't be 
taken in. 


Now, this next object is rather strange looking. It is called a 
flail and as you can see, it is a couple of poles of about equal 
length which are held together by a strap. Now this was used 
before the days of modern agricultural machinery to beat the 
corn to separate the wheat from the chaffe, the bits you didn't 
want. The men used to put the cut corn on the ground and then 
they'd swing the flail and beat it until they had separated all the 
wheat out. 


The last thing in this room I want to draw your attention to 
before we move on to our Roman collection is this evil-looking 
contraption in the corner. Now this is in fact a man trap. It just 
shows how much crueller the world was in the nineteenth 


century. Farm workers and their families often had very little to 
eat, so to supplement their meagre diets they would go onto the 
farm owner's land to hunt for rabbits and other game, poaching 
in other words. And the farm owners would set these traps to 
stop them from doing this. Not very pleasant. And if someone 
did get caught in a trap, then their leg would certainly have 
been broken. After that, it would be a short step from the 
courthouse onto one of those terrible prison ships bound for 
Australia. 


PAGE 134 A Family Heirloom 


Listen to Matthew talking about a clock which is a family 
heirloom. 


Right, a family heirloom. Well, I suppose the most important 
heirloom in my family is erm a grandfather clock. You know, it's 
one of those really tall clocks with a big pendulum and chimes. It's 
a little like having Big Ben in your house. Anyway, it has been in 
my family for quite a long time from what I can gather. My father 
says he can remember it in his grandfather's house and I can 
certainly remember it in, my grandfather's from when I was a boy. 
It's got the manufacturer's name Jonathan someone, I can't 
remember the second name and is dated 1776. It used to sit at the 
bottom of the stairs in the hallway and I can remember when I was 
a kid I used to be scared of the loud ticking, you know tick-tock 
that it made. And when it struck the hour well I almost used to 
jump out of my skin, it used to make an incredible noise. I can 
remember being with my grandfather and him winding the thing 
up. It was a ceremony that he performed once a week and it's 
probably my strongest, er clearest memory of him. It is about eight 
feet tall I should think, it's made of dark brown oak which is shiny 
from being polished. At the top there's a squarish box with a round 
face inside. It's covered in gold leaf and is decorated with carving. 
It really is a lovely old object. There's a sun and a moon in it but 
they have never really worked from what I can gather. It really is a 
lovely old object with its polished wood which has been polished for 
years and years. Anyway, the idea is that the clock goes from 
generation to generation, from the eldest son to son, so one day, I 
might inherit it. 


PAGE 137 The picture by John Millais 


Woman: This is a painting of a country scene. I think it was 
probably painted about a hundred years or so ago. Anyway, in 
the foreground there are two girls. They both look very poor. 
Their clothes are old and shabby, and there's tears and patches 
in them. They're sitting by the side of a field and, well, I suppose 
they look as though they are having a rest. The elder of the two 
girls has got some sort of - oh, I think it's an old fashioned 
accordion. She's young, quite pretty, with red hair. She's sitting 
with her eyes half closed, most likely because of the sun. In the 
background there are fields with a few animals in them and 
some farm buildings on the top of a hill and the most beautiful 
rainbow in the sky. It must have been raining but the sky is 
quite dark and it looks as though it might rain again. The little 
girl is quite enchanted by the rainbow. She seems to be telling 
her friend, or perhaps it's her sister, to have a look too. The other 
girl doesn't appear to be that interested. Oh, wait a minute. 
She's got something round her neck. It says 'Pity the blind'. I 
see. I get it. The elder of the two girls is blind and the younger 
one is trying to tell her all about the rainbow. Quite sad really. 
The colours of the painting are marvellous. Jus t like you get 
after it's been raining. There's so much beauty all around but all 
the blind girl can feel is the warmth of the sun on her face. She 
can't even appreciate the butterfly which has settled on her. I 
suppose she must play the accordion and hope that people give 
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her money. Yes, it's a lovely painting, it's lovely, although in 
general I'm not a fan of this kind of art. I prefer Impressionist 
pictures, people like Monet, Cezanne. I recently went to see a big 
exhibition... 


UNIT 12 Crime and Society 


PAGE 141 The examinat ion 


Listen to Anna and Bruno talking to each other and the 
examiner 


Interlocutor: So what have you two decided then? 
Anna: Well, we are agree for the first. We think that the first 


should be Mick Brown. 
Interlocutor: Why's that? 
Bruno: Well, he is not very intelligent and maybe he needs help 


from a psychologist? 
Interlocutor: Psychiatrist. 
Bruno: Psychiatrist. The prison will be a bad place for him. He will 


become worst... 
Interlocutor: And what did you think? 
Anna: Well I am agree with him but we had a problem for to 


choose the other. I mean I think Janet Green must go free. OK, 
she is a poor lady but the prison is not like a hotel... 


Bruno: But I thought this was not kind, it was a cruel thing. 
Another thing she has done this crime ten times. I chose Alan 
Jones... 


Anna: Alan Jones! But he has killed his wife. It doesn't matter if 
the neighbours they say he is a nice man. His wife is died 
because of him...He must stay inside. 


Interlocutor: So who did you choose? 
Anna: Cynthia.. 
Interlocutor: Bruno, can you tell me why she chose Cynthia? 
Bruno: Well, she said Cynthia hasn't done a strong crime... I can 


see her point but I still think Alan must go free. 
Interlocutor: Right; that 's interesting. Now, what do you think 


would happen in your country? 
Anna: I'm not sure. Maybe, Janet, the weather is warm here so it 


doesn't matter if she has to sleep erm outside... 
Interlocutor: Hah hah...And what about you, Bruno? 
Bruno: Well, we are from the same country but I think Cynthia 


and Mick maybe can go free. You know murder is murder and 
Alan... he would stay in the prison a long time. 


PAGE 143 Pronunciat ion 


Listen and identify which condit ional construct ion is be ing 
used in the e ight sentences . 


1. I'd have come if I'd known. 
2. Would you mind if he borrowed Dave's car? 
3. What'll we do if the police come? 
4. If we hadn't done that, we'd be all right. 
5. I'll tell him if you threaten me. 
6. We'd have plenty of money if we'd been insured. 
7. I wouldn't do that if I were you. 
8. If only you'd told me, I wouldn't have said it. 


PAGE 144 Listen to these s i tuations. 


Quest ion 1 
I really couldn't believe it you know. When I asked her why she 
hadn't done her homework again she came up with this fantastic 
excuse which was so wild that I thought it might have been true. 
She said her dog had eaten it. I wish I hadn't believed her though 
because I noticed that there were a number of kids sniggering, you 


know laughing behind my back... it was 'cos she didn't even have a 
dog. 


Question 2 
This is Connolly solicitors. I am afraid there is no one here to take 
your call at the moment but if you would like to leave a message or 
send a fax please do so after the tone... BEEP 
Right, this is Felix, Felix Mortimer leaving a message for Jeremy 
Connolly. Jeremy, I got your message and I wish I could help you 
out, but the car's out of action at the moment - in the garage 
having the window fixed... someone erm, smashed it to get to the 
radio. The times in which we live, eh. One of your clients maybe! 
See you soon. Once again, sorry I couldn't say 'yes'. 


Question 3 
You have been found guilty of driving while under the influence of 
alcohol. This is a serious offence for which the court fines you £200 
and bans you from driving for one year. For failing to report a 
serious accident the court had contemplated a period of 
imprisonment. However, on taking your age into consideration, we 
have decided on a suspended sentence and probation. This means 
that every week for two years you will have to visit the probation 
officer and tell them what you have been up to for the past week. 
It's their job to supervise you and do what they can to guide you. 
So, you'd better watch your step young man, otherwise you will go 
to jail. Nothing is more certain. 


Question 4 
What a terrible thing to do. I mean those oaks had been there for 
five hundred years, that's since the time of Shakespeare. Yes, that's 
what I thought too, part of our heritage...Whatever possessed the 
council to allow it.. .. If only we'd known about it earlier... Yes 
that's right, a demonstration, we could have chained ourselves to 
the trees or something... 
Vandalism. Absolutely. I'm really angry. They're just destroying 
the countryside.. 


Question 5 
Mrs Williams: Forgotten your lock... 
Damien: Can I just leave it outside? 
Mrs Williams: No, no, definitely not, of course you can't risk it. 


Your parents would be furious if you left it outside. Look, you'd 
better bring it into the hall. 


Damien: Are you sure? 
Mrs Williams: Yes, provided you check that there isn't any mud or 


anything on the tyres first. 
Damien: Look, I could pop back home for the lock. 
Mrs Williams: No, no, it'll be fine, just wheel it in. 


That's it. Mind those handlebars. I don't want them to damage 
the wallpaper. 


Damien: Thanks, Mrs Williams. 
Mrs Williams: You're welcome. I'll call Marcia... Marcia, Damien's 


here, dear. 


Question 6 
Landlady: Yes, I'd like to have a word with you, please. Now, the 


reason we let you have the room was on condition that you 
wouldn't cook or smoke in the room. 


Peter: Yes... 
Landlady: Now I've just been up and it smells smoky. 
Peter: It was Mike, the boy from down the hall.. 
Landlady: I see, but it's up to you to make sure no-one smokes in 


your room. Another thing, I found lots of empty food cartons 
there. 


Peter: Honestly, I wasn't cooking, it was erm take-away food. 
Landlady: Whatever, Peter, the smell's just the same.. 
Peter: But... 
Landlady: No buts, unless you can guarantee that this isn't going 


to happen again, you'll have to look for somewhere else. 







Japescripts 


Quest ion 7 
Wife: Can you hear it.? 
Husband: Look just try to relax, will you... 
Wife: Honestly it's not fair. This is the third one this month...and 


I've got to go to work tomorrow... 
Wife: I wish you'd do something. 
Husband: Do something! What do you think I can do, you know 


what they're like. Look, just relax and you'll soon fall asleep. 
Wife: No wonder the other people were so keen to move. They're a 


menace these people... 
Husband: I know, I know. Look I'll give the police a ring, just so 


long as you accept I'm not going round there myself. I felt really 
humiliated last time. I wish I knew how to deal with them but I 
don't. 


Wife: I wish I was a man. I'd soon show them who was boss. 


Quest ion 8 
Now the important thing is to look confident. If you look as though 
you'll take no for an answer, then they'll probably try to make a 
fuss. Jus t look at them and say T have reason to believe that you 
have attempted to remove articles from this store without paying, 
I'd like you to accompany me to the manager's office.' Now most of 
the time they come as meek as anything. You know they're scared 
or shocked. Now if they pull a weapon or look threatening, then 
just let them go and leave the rest up to the police. We're here as a 
deterrent as much as anything. 


PAGE 146 Listen to three friends discuss ing the i ssue of 
crime and punishment . 


Ian: I really do think tha t everyone is far too soft on crime 
nowadays. 


Victor: Soft on crime, I suppose so, but what should we do then? 
Ian: Well for a s tar t I think we've got to stop rewarding the 


criminal. 
Victor: What do you mean, Ian, rewarding the criminal? 
Christine: Well, Victor, I suppose he means this business of 


sending kids off on holidays and stuff like that. 
Ian: Thank you, Christine, exactly... It's a terrible business in this 


country. I don't know where else they would do such a thing. 
Victor: Yeah, but come on, Ian. Lots of these kids who commit 


crimes they've come from really terrible upbringings and 
probably come from broken homes and criminal backgrounds 
themselves... 


Christine: And so on, we all know the excuses. But they've got to 
be shown the difference between right and wrong. 


Victor: But don't you think that one way of doing this is by taking 
them away under supervision and letting them sort their 
problems out more? 


Christine: Maybe yes. I can see the logic behind that but they've 
still got to pay. There should be retribution, you know, 
punishment as well as rehabilitation. 


Ian: Right... And so what would you do, Christine? 
Christine: Use corporal punishment. 
Victor: What you mean beat them? 
Christine: Yeah. Like in the old days. A short sharp shock. Give 


them something to remember. 
Ian: But that 's erm pretty barbaric, isn't it? I'd draw the line at 


t h a t . It's better to put them in jail. After all they get some erm 
guidance and help. 


Victor: Jail makes people worse in my opinion. Universities of 
crime. 


Christine: They need a bit of discipline... very often these kids 
have just been allowed to get away with anything, their parents 
have no control over them whatsoever. 


Ian: So I suppose you're in favour of capital punishment too then... 


Christine: Well, as it happens I'm not. 
Ian: Oh really? Well, I am... in certain circumstances.. 
Victor: Now that's barbaric, Ian. 
Christine: Mm .. don't get me wrong ..I'm against it not because 


it's cruel. Frankly, capital punishment is too good for some 
people. 


Victor: So why...? 
Christine: Well, I think that., you know I've changed my mind 


about this, but it was the Guildford Four case.. 
Victor: Oh the erm IRA people. 
Ian: But they weren't. 
Christine: Right. Anyway. There was tremendous feeling against 


them at the time. I remember my dad saying -1 was just a little 
kid - they should all be hanged. But that would have been 
terrible wouldn't it. 
I know they spent along time in jail but the thing is they were 
innocent... 


Ian: At least they're free now and have got their ordinary lives 
back 


Victor: Yeah, if they'd been hanged, that would have been the end 
of it wouldn't it? 


Ian: Yeah, I've lost faith in the system a bit, but all the same 
someone did blow up those pubs... 


UNIT 13 Beyond Belie/ 


PAGE 148 The Chaffin Will Affair 


Storyteller: 
One of the most famous and extraordinary cases of contact with the 
dead was the so-called Chaffin Will affair. In 1921, a certain James 
Chaffin died, leaving his entire fortune to his third son, Marshal, in 
a will which had been written a full fifteen years earlier, in 1905, 
and signed in front of witnesses. His wife and two other sons were 
virtually cut off without a penny. Marshal was not inclined to split 
up the inheritance he had come into any more fairly. Four years 
went by and then, strangely, James Chaffin's ghost started to 
appear before one of his other two sons. The apparition had on an 
old overcoat which Chaffin had often worn in life. On the ghost of 
Chaffin's second visit to his son, he told him that he would find a 
will in the overcoat pocket. The coat was actually in the possession 
of the third brother. Once it was found, they came across a note 
sewn in the lining of one of the pockets saying they should look in 
an old family Bible. This Bible was found in the keeping of Chaffin's 
widow and examined in front of independent witnesses. Sure 
enough, there in the Bible they discovered a later version of the 
will, one which divided the property and money evenly between the 
widow and the three sons. The will appeared to be genuine and 
Marshall was not prepared to challenge it in court. 


PAGE 149 Pronunciat ion of non-defining relative c lauses 


1 The woman, whose husband had died, was rich. 
2 Carol's daughter, who lives in Scotland, is a doctor. 
3 This Bible, which was found in the keeping of Chaffin's widow, 


was examined in front of independent witnesses. 


PAGE 152 A discuss ion of reincarnation 


Yolanda: What's that book you're reading, James? You seem very 
engrossed in it. 


James: Oh sorry, yes, it's about reincarnation. Quite riveting. 
Malcolm: Reincarnation! Ah, you surely don't believe in that. 
James: That's why I'm reading this book - I'm trying to make my 


mind up about it. 
Yolanda: I'm absolutely positive there's something in it. 
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Malcolm: But how can we know one way or the other? I mean, 
there's no proof, is there? 


James: That's what I used to think but now I'm not so sure. There 
are some fascinating stories in this book, you know. 


Malcolm: Oh yeah. Like what? 
James: Well, first of all, if we are reincarnated, this means that 


we must've been someone else in a previous life, right? 
Yolanda: Right. Go on. 
James: You see, people investigating re-incarnation came up with 


the idea tha t if you hypnotised someone, they might be able to 
go back in time and tell you about their previous lives. And one 
of... 


Malcolm: What a load of old rubbish! Do you believe this? 
Yolanda: Come on, Malcolm. Let James finish what he has to say. 
James: Thank you, Yolanda. Now as I was saying, one of the 


people they hypnotised was someone called Jane Evans and she 
managed to recall something like six or seven lives. She'd been a 
Jewish girl who was murdered during the middle ages, a servant 
to one of Henry VIIFs wives and a nun in a convent in the USA. 


Malcolm: Blimey! She's been busy. I mean, come off it! She'd 
probably read some stories about these characters somewhere or 
other. I'm sure there's a logical explanation for all of this. 


James: Well, maybe you're right. She could have read something 
which entered her subconscious. That's certainly true in the case 
of one of her lives. She claimed to be the servant to a French 
merchant. And all of the details she could remember of this past 
life were readily available in books. Strangely enough though, 
she forgot to mention the fact that the merchant was married 
and had five kids. 


Malcolm: There you are. What did I tell you? 
James: Hold on a minute! Going back to the Jewish girl, what's 


incredible about this past life is that she could say exactly where 
the girl had been killed, under a church in a, in some kind of 
cellar. No sooner had she told this story, than some 
archaeologists found it. Quite by chance - they were doing some 
other work on the church - when they came across it and they 
found some skeletons down there! 


Malcolm: Skeletons! You'd surely expect to find skeletons under a 
church, or at least I would. 


Yolanda: I'm afraid I agree with Malcolm, James. Were there any 
other cases? 


James: Well, there's another one that 's very interesting. A 
housewife called Dolores was hypnotised and she took on the 
character of someone called Gretchen Gottlieb. Now, she was 
murdered in Germany in a forest during the last century and 
what's interesting about this case is that, when she was 
hypnotised, Dolores spoke in German and yet she'd never learnt 
the language at school or anything. What's more, when she came 
out of hypnosis, she couldn't speak any German at all. 


Yolanda: What was her German like? 
James: Well, not very good, I'm afraid. It was pretty incorrect and 


she avoided using verbs. Some of her answers didn't make sense 
and some of the time she hadn't understood questions she'd been 
asked. 


Malcolm: So did this Gretchen actually exist? 
James: Well, they tried to verify the story but they couldn't 


confirm it either way. There weren't any records or anything like 
that . 


Yolanda: Do you think Dolores was trying to take the researchers 
in? 


James: Well, according to the book they were sure she was acting 
in good faith, but well, you never know. 


Malcolm: In good faith! If you believe that, you'll believe anything. 


PAGE 153 Pronunciat ion 


2 Listen to these six phrases . Is the speaker showing 
surprise, showing disbelief or making a s imple statement? 


1 His own daughter. 
2 His own daughter. 
3 His own daughter. 
4 By car. 
5 By car. 
6 By car. 


PAGE 154 Vocabulary 


4 Anna is asking Martin quest ions. Listen to how Martin, 
who always exaggerates , replies. 


Anna: Are you cold? 
Martin: Cold? I'm absolutely freezing. 


Anna: Is that an interesting book? 
Martin: Interesting ? It's absolutely fascinating. 


Anna: Was the film bad? 
Martin: Bad? It was absolutely awful. 


Anna: Are you tired? 
Martin: Tired? I'm absolutely exhausted. 


PAGE 159 It's you again! 


Listen to the replies g iven by five w o m e n to the quest ion 'If 
you came back in another life, what would you like to be 
and why?' 


Speaker 1 
Goodness me what a question. Well definitely not a housewife 
that's for sure. I think I must have been very bad in a previous life 
to have to do what I have to do every day. I don't know really, 
maybe something valuable, perhaps a painting or something like 
that... Yeah... that way I 'd really feel as though I was appreciated 
and people would like to look at me, you know... I wouldn't have to 
worry about the shopping or cooking meals either. 


Speaker 2 
Mm, I think one of the problems affecting the world today is world 
peace, and I think that you know the normal solutions like wars 
and generals just, well, aren't the answer. I think if I came back 
what I'd like to be is someone like a spiritual leader who would be 
able to unite people and help world peace that way. I'd get people 
to tolerate and recognise the good in all the major religions. 


Speaker 3 
I suppose a runner or someone like that. I've competed at amateur 
level and won a couple of races with my club, but I guess what 
would give me the most satisfaction of all would be to win a gold at 
the Olympics. You know, the buzz must be incredible - just to know 
that you're the best in the world and nobody else can touch you. I 
can almost imagine what it must be like standing up on the 
podium listening to the national anthem as they put the sash 
around my neck. 


Speaker 4 
'Cos it's the lifestyle that would suit me most I think. It must be 
incredible, going from Paris to Milan, Milan to New York and to be 
in demand all the time. There'd be the clothes as well. What an 
opportunity to wear the very latest fashions. Another thing I think 
is really good these days is that you can change your career, you 
know, once you retire at the age of thirty something you have 
another career in the movies or maybe even become a pop star. 


235 







Tapesccrpts 


S p e a k e r 5 
A statesperson definitely. You know someone who was around 
when there were enormous changes taking place in government 
and things. I have strong convictions and beliefs about how the 
country should be run and it would be marvellous to be president 
or prime minister and to have a go at shaping the erm destiny of 
the country. 


UNIT 14 Destination USA 


PAGE 162 T h e S t a t u e of L i b e r t y 


OK, OK everybody, in a minute we'll be getting off the boat, but 
before we do, I want to tell you a little bit about the Statue. Now, 
although it's almost certainly the most famous symbol of America 
and its people, it was in fact given to us by the people of France to 
commemorate the friendship between the two countries. In her 
right hand, as you can see, is the torch of Liberty and in her left 
hand is a tablet which has the date July 4th 1776 on it. That's the 
date of American independence, of course. OK, let's give you a few 
facts and figures about the Statue. The idea of the Statue came 
from a French historian and the money for it was raised by the 
French people. It was designed by Frederic Bartholdi. That's B-A-
R-T-H-O-L-D-I. 


The Statue was made of copper sheets which were hammered 
together by hand. They had to be put together over a huge 
framework of four supports which were made by Eiffel, the guy 
responsible for the Eiffel Tower in Paris, France. It was finished in 
1885 and then taken to pieces to be shipped from France to the 
USA, and it weighs 25 tons. Now the Statue itself is 151 feet high, 
but if you add the pedestal, that 's what the Statue stands on, then 
it makes 305 feet, which is 93 metres. If you want to go right, if 
you want to go right to the top, then I'm afraid you've got to walk. 
There's an elevator up through the pedestal, but from then on you 
have to use a spiral staircase to reach the observation point in the 
lady's crown, and it's 171 steps. Jus t to finish off, before we dock, 
when the Statue had been reconstructed, it was dedicated by 
President Grover Cleveland on 28th of October 1886. OK, we're 
nearly there... 


PAGE 163 S a y i n g n u m b e r s 


L i s t en t o t h e n u m b e r s a n d w r i t e t h e m d o w n . 


1 P h o n e n u m b e r s 
A: 01223 68991 
B: 00 88 1 4476 1085 


2 A c c o u n t n u m b e r s 
A: 87640328 
B: 925487234 


3 Dec ima l s 
A: 3.2 
B: 2.54 
C: 0.38 


4 F r a c t i o n s 
A: 1/4 
B: 2/3 
C: 3/8 
D: 5/16 


5 D a t e s 
A: 11/11/1918 
B: 14/7/1789 
C: 1/3/1963 


6 A m o u n t s 
A: $6.92cents 
B: £10.03p 


7 Scores 
A: Agassi won the tennis match 6-0, 3-6, 6-1 
B: Italy beat Holland 2-0 


8 L a r g e n u m b e r s 
A: 23,927,421 
B: 9,867,364 
C: 989,774 


PAG E 165 Two f r i ends d i scuss t h e M o r m o n s . 


Chr i ssy : You're a Mormon, aren't you Gina? 
Gina: Well, yes, I was brought up as a Mormon, if that 's what you 


mean, but I don't go to church as often as I should. 
Chr i s sy : Is it part of the Christian Church? 
Gina : Oh, yes. 
Chr issy : I'm sorry to be so ignorant but when did it all start? 
Gina: You can date if from 1827. 
Chr i ssy : What happened then? 
Gina : That's when the prophet Joseph Smith was visited by an 


angel called Moroni. 
Chr i ssy : Moroni? 
Gina : Yes, and he took Smith to a place where there were some 


gold plates buried and these plates had a holy book inscribed on 
them, the Book of Mormon. Mormon was Moroni's father, by the 
way. 


Chr i ssy : This sounds a bit like Moses receiving the Ten 
Commandments. 


Gina: Exactly. The thing is, with God's help, Smith was able to 
read what was written on the plates 'cos it had been written in a 
kind of Ancient Egyptian. And after that, the cult really caught 
on and lots of people joined it. 


Chr issy : And what happened to the plates? 
Gina: They were destroyed. 
Chr i ssy : I see. And how come this happened in America? 
Gina: Good question. The Bible talks of lost tribes of Israel and 


the idea is that one of these tribes made it to America and that 's 
how the plates came to be buried there. 


Chr issy : What's special about being a Mormon? I mean, in what 
ways is it different from other forms of Christianity? 


Gina: First, baptism is very important, not just for the individual 
but also for the ancestors of the individual. 


Chr i ssy : The ancestors? 
Gina : Yes, you can bring your ancestors into the Church when you 


join. And there are very strict rules on drinking. You can't, you 
can't drink any stimulants, coffee, tea, alcohol. And no 
cigarettes. 


Chr i ssy : Sounds a bit tough. 
Gina : Maybe, but it's been shown that Mormons live longer than 


the average American because of their healthy lifestyle. 
Chr i s sy : And what about marriage? Is it true that the men can 


have more than one wife? 
Gina: They used to but it's not allowed any longer. 


Now l i s t en t o t h e r e c o r d i n g aga in . 


PAGE 167 T h e r u l e s of A m e r i c a n footbal l 


Andy: Before we go to this game, can you tell me a little bit about 
the rules? 


Gus : Sure. What do you want to know? 
Andy: Well, I know there are eleven men on the field for each team 


at one time, but what I really wanted to know is how you score 
points. 
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Gus: OK. First of all, you can score points in five different ways. 
The first is with a touchdown. When you cross your opponent's 
goal line then you get six points. 


Andy: Although they don't actually touch the ball down, do they? 
Gus: No they don't. 
Andy: You have to in rugby. 
Gus: Is tha t right? And a second way is after the touchdown you 


can get an extra point by kicking the ball between the posts. 
Andy: That's just like rugby union except you get two points. 
Gus: And the third way is a field goal - and that 's worth three 


points - which is when you kick the ball between the posts while 
the ball is in play, not after a touchdown. 


Andy: I've got it. And that 's it? 
Gus: Well, there are two other ways but they're a little complicated 


and unusual so I won't go into them right now. 
Andy: OK. And what about the playing of the game? You can 


pass the ball forward in American football, correct? You can't do 
that in rugby. 


Gus: Yes, but only once in each play. After that it has to be passed 
backwards like in rugby. 


Andy:But I've never seen it happen in the games I've watched on 
TV. 


Gus: No, it is a little unusual. 
Andy: Now the plays, what exactly are they? 
Gus: A play is basically the bit of action between the two 


scrimmages. So, imagine a player gets tackled with the ball. 
The game stops and then restarts with a scrimmage - that 's 
when the two teams face each other and everybody blocks and 
tackles. Then there's maybe a bit of action lasting anything 
from two to twenty seconds until the next touchdown or tackle 
or the ball goes out of play. 


Andy: I see. Oh, one more thing. How does the ball change hands 
between the teams? 


Gus: It can be intercepted when it's thrown of course, or taken off 
the other team but the basic idea of the game is to gain yardage 
and you have to gain ten yards in four plays. If you don't 
achieve that , then the other team is given the ball. 


Andy: It's all pretty complicated. 
Gus: No, no, basically it's a very simple game, easy to understand. 


Now when I went to England, someone took me to a cricket 
match. Now that 's a complicated game. 


Andy: No, it's not. If you know baseball, then really it's quite 
easy... 


N o w l is ten to the recording again. 


PAGE 169 A Holiday in Florida 


An interv iewer is talking to the Oldham family about their 
hol iday in Florida. 


Interviewer: So how come you chose to go to Florida? 
Christine: Well, Roger's company had had a very good year and 


he got a substantial bonus. And the kids were the right age. 
Roger: Kate was 13 and Nick 11... So we thought now or never... 


and of course for once the erm exchange rate was quite 
favourable, and we had the money at that point in time, so... 


Interviewer: Umm... And er, what did you do? 
Christine: Well all the usual really... you know, Disney - which 


includes the Magic Kingdom, Epcot centre, Sea World and erm... 
the studios. 


Interviewer: MGM or Universal? 
Christine: MGM, although Universal are pretty near too. 
Roger: Yeah, if you ever do it, you should remember to get erm, 


not a day ticket, but a er passport I think they call it, you know, 
yes, a passport which entitles you to visit the three centres... It'll 
save you a fortune. 


Interviewer: Right, that 's worth remembering... And what did 
you think of it, Kate? 


Kate: Just brilliant. I mean we had a great time. 
Interviewer: And what was the best bit for you? 
Kate: The ice creams I think. 
Interviewer: No, I meant of the places you visited... 
Kate: Well... they were all brilliant. Nick liked the Disney thing 


best, but I think for me, Sea World was the best... 
Interviewer: But don't we have things like that in Europe? 
Kate: Yeah... but no so big. 
Interviewer: Anyway. And what about the grown-ups? 
Christine: Well, of course we went primarily for the kids... The 


Disney experience, the erm Magic Kingdom left me a bit cold I 
must admit... the rides terrified me... it did nothing for me... but 
there were lots of other things I loved like the Epcot centre... you 
know the erm, science and technology part. 


Roger: And of course there was the shopping... all the goods you 
know like Levi's and, what's the name of those boots you got? 


Christine: Timberland. 
Roger: ...you know all the branded names, they're still expensive 


but nowhere near what you'd have to pay over here. 
Interviewer: And what about all these stories you hear about 


foreign visitors being targeted and robbed. 
Christine: Yes, I must admit I was very scared about that and 


there were some really horrible people hanging around the 
airport but once we er got away from the area and were sure 
that no-one was following us then it was great. 


Roger: Umm, the average American is so much warmer and more 
polite than over here. The way they look after you in hotels and 
restaurants is just so much better all round. 


Interviewer: Just one more thing... Didn't you ever consider going 
to Disney near Paris? I mean, after all it's more or less on the 
doorstep now, isn't it? And you've got Paris and the Louvre and 
everything you can also go to. 


Kate: Yes... but... the thing is, for the authentic American 
experience you've just got to go to the States. 


Christine: And we'd been to Paris loads of times. 
Interviewer: So you're glad you did it? 
Roger: Oh yes, it was great, it cost a fortune but, after all, well, 


you only live once don't you? 


Now l isten to the recording again. 


PAGE 170 Street gangs 


Tricia talks to Larry Monde about street gangs in Los 
Angeles. 


Larry: Larry here. 
Tricia: Hi, Larry it's Tricia. 
Larry: Hi, Tricia. What can I do for you? 
Tricia: Look, I was wondering if I could pick your brains for a 


couple of minutes. 
Larry: Sure. What about? 
Tricia: Well, I'm doing a school project at the moment about erm 


gangs, you know, street gangs and I thought, now Larry, he's 
from Los Angeles and he'd be able to tell me something about 
the erm Crips and the Bloods. 


Larry: Right, right. Well I'll do my best but I'm not an expert. To 
tell you the truth, I wasn't actually born in LA. 


Tricia: OK then. Well, I've got a few topics written down. 
Larry: OK fire away! 
Tricia: Well the first thing I want to know is how big the gangs 


are and where they operate. 
Larry: Well, mm, let's start with the second one. The erm most 


important area for the gangs is a bit of town called er South 
Central, which is where you'd expect, it's south of um downtown. 
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Mind you there's another area called Watts - you know there 
were some pretty awful riots there... 


Tricia: And what about the size? 
Larry: Well, let me put it this way... there aren't two enormous 


gangs as such where everybody knows everybody else, it's like 
there are hundreds of gangs but they are affiliated, they have 
loyalty to one of the two big ones. 


Tricia: I see... So, how do you know who belongs to which? 
Larry: Well, you either wear a red baseball cap or a blue one. I 


can't remember which is which... The thing is, if you're a gang 
member you make sure tha t you don't stray into another gang's 
territory. 


Tricia: Why, what'll happen? 
Larry: Well, you could get beaten up or even worse... 
Tricia: What do you mean? 
Larry: Well, you could actually get murdered. 
Tricia: That's terrible!! 
Larry: Huh, huh... And there's all sorts of t i t for tat , you know 


revenge killing. A favourite pastime is for these drive by 
murders. 


Tricia: What are they? 
Larry: Well, you and your buddies, you get into your car and drive 


into the other gang's territory and you erm, spot a rival gang 
member in his blue or red baseball cap and you shoot him. 


Tricia: As simple as that... for no reason. 
Larry: By and large yes... Law of the jungle... That's how you erm, 


get accepted as a full member of the gang. 
Tricia: Terrible... 
Larry: Sure is, you know you sometimes get these programmes on 


TV where they look at the problem. Most of the kids who get 
involved are from deprived areas where the gangs dominate... 


Tricia: The gangs dominate. What do the police do about this? 
Larry: As a mat ter of fact there's not much they can do. What's 


more a lot of places are um no-go areas. The police have just 
about give up there. Anyway, to go back to what I was saying 
before, TV programmes are pretty depressing. Whole classes 
from high school end up dead or in jail. It's just hopeless. 


Tricia: Mm... how awful. Anyway, what's it like for, you know, 
ordinary folk? 


Larry: In a nutshell, not as bad as you'd think. Well, for the most 
part the gang members stick to their own part of town and prey 
on each other, you know a lot of it is drug related anyway, so 
unless you get caught out where you shouldn't be, you'll be OK... 


Tricia: And just one last question, Larry... Does it break down on 
ethnic lines at all? 


Larry: Not really, although most of the gangs are black, you get 
some erm Hispanic ones too. Mind you they could be either 
Crips or Bloods. You can't jump to any conclusion just cos of the 
colour of their skin. 


Tricia: Right, Larry, that 's really great. For someone who's not an 
expert you sure know an awful lot about the topic. 


UNIT 15 Our Common Future 


PAG E 176 Listen to these five people talking about their 
v is ions of the future. 


Speaker 1 
Well, I think it is going to be brilliant. I mean by 2025 we'll have 
conquered most diseases and people will be able to live longer and 
more fulfilled lives. Genetic engineering will mean there will be 
plenty of food for everyone and tha t illnesses will be cured by erm, 
you know, changing someone's DNA. Also robots and computers 
will be doing everything. All this knowledge we've got - it's going to 


do us so much good, you know. 


Speaker 2 
Mmm. I'm not sure, I have this fantasy, though, that it'll be very 
tough to tell reality from the virtual reality. I mean... technology 
will have become incredibly sophisticated. You won't be able to tell 
the difference between what is real and what is, you know, virtual. 
People will have virtual families and virtual relationships but 
without all the nasty bits like rows, illness, death. You'll be able to 
get a new partner and star t again whenever you want. Other than 
that, well, I think things'll be pretty much the same as they are 
now. 


Speaker 3 
My guess is we'll or rather our great-grandchildren will be living 
on the moon or somewhere else like that. There'll be techniques for 
putting people into suspended animation and sending them off into 
space for maybe even hundreds of years so that when they wake up 
they'll be on some planet many light years away from the earth. 
One of the reasons for this will be pollution on earth. If we don't 
get away and star t to colonise, then it's highly likely that human 
beings will just die out. It'll be like Adam and Eve all over again. I 
was reading this fascinating book which was going on about how 
they were, in fact, astronauts from another planet... 


Speaker 4 
I suppose I'm a bit of a pessimist. I mean I think it'll be an 
absolute miracle if we get through the next twenty years without 
blowing ourselves up. There's bound to be some sort of 
catastrophe... I think it's a great shame really that we have all this 
advanced technology but people haven't really evolved at all, have 
they? Just look at history from thousands of years ago. The 
motives and emotions people had then are exactly the same as 
nowadays. Technology may have improved but, well, human beings 
certainly haven't got any wiser, have they? 


Speaker 5 
I really can't think that far ahead I'm afraid. Things just seem to 
change beyond the imagination of most ordinary people. My dad 
told me that the first telly his family had was a big ugly box and in 
black and white - black and white, can you imagine? He had no 
idea we were going to have colour TV. You know, it won't be long 
before we have a screen we can hang on the wall just like picture... 
and now they're talking about 3D TV, you know holograms that'll 
just be projected into your room, and erm, I've even heard that 
there won't even be a TV screen or anything like that any more, 
they'll just project the image onto the retina of the eye. Amazing. 


PAGE 180 Renate Gross is talking about the impact of 
technology on work. 


Renate: One thing is for sure, the erm, rate of change isn't going 
to slow down, if anything it's going to increase. What we are 
going through is a change which is more dramatic than the first 
industrial revolution which took place in western Europe in the 
eighteenth century. Now while the industrial revolution changed 
things in the space of a hundred years we are going to 
experience far greater changes in the space of twenty or thirty. 


Ian: Can you give me an example? 
Renate: Sure. I think the most obvious one is that of the postal 


service. You know there has been a postal service - guys 
delivering letters - in its various forms since the time of the 
ancient Egyptians. All this is changing. Right now lots of postal 
workers who thought they were in safe jobs have been made 
redundant because of all the faxes which are being sent. Not 
only that, you can send information down fibre optic cables and 
it reaches its destination immediately. 


Ian: Yes, it is amazing, isn't it. 







Tapescripts 


Renate: Absolutely, the erm, the invention of print more or less 
saw an end to the middle ages, and the computer revolution will 
probably see the drawing to a close of the age we are now in... 


Ian: Will books vanish? 
Renate: No, not straight away, they're convenient and portable 


and relatively inexpensive. What's more this Internet, the thing 
they call the Information Superhighway, this means that say a 
professor in Japan will be able to communicate with a colleague 
in Bangladesh, by computer at the cost of around a local phone 
call. Fantastic... 


Ian: But what about the erm, you know, more traditional 
professions? 


Renate: Ha ha. Well, there's no such thing as a safe job any more. 
It won't be long before we have computers programmed with say 
legal or medical information which will be able to try a criminal 
case more efficiently, accurately and fairly than any human 
practitioner. The old style professions which used to look as 
though they were a job for life, well they're fast becoming a thing 
of the past. You know, you read a book about the middle ages 
and you come across blacksmiths who made horseshoes, 
thatchers who put straw on your roof and coopers, the erm, 
barrel makers. Not to mention people like the letter writers who 
read and wrote letters for a largely illiterate population. Anyway 
the point I'm making is tha t these jobs disappeared. We'll lose 
lots of modern professions and lots of more basic clerical and 
secretarial jobs, although to a large extent this has already 
happened. 


Ian: So what do you think the results of this are going to be? 
Renate: Um... a mixture of good and bad I think. People who are 


prepared to be flexible and learn new skills, and who are 
intelligent enough, will continue to be in demand but for many 
others the challenge could be too much. My advice to people in 
the old style professions would be to get computer literate, after 
all, a few people are going to be needed to produce the 
programme, er, you know the software and suchlike. I think I 
should also say that new jobs are always going to be created by 
developments in technology. If you'd said to someone sixty years 
ago tha t their job was going to be either making, selling or 
repairing boxes which would show pictures in your living room, 
well they'd have said you were mad. 


Ian: They'd have locked you up. 
Renate: ...and thrown away the key... 


PAGE 183 Listen to these e ight different s i tuations. 


Quest ion one 
Man: Hi... I've been trying to send a fax but I haven't had much 


luck... In the end I gave up and I've er delivered it by hand. 
Woman: A fax? Right, oh dear that 's because the number's 


changed. Have you got a pen. I'll give you the new one... 
Man: Oh that 's marvellous. Someone might have told me. Yeah, go 


ahead. 


Quest ion two 
Shop assistant: So what happens next? When you press the 


return? 
Well, my guess is there could well be something wrong with the 
disk you're using. Have you got another one handy? Yeah? Right, 
try putting tha t one in and see if it's any better... 
That's right... Sometimes they get corrupted... But you've got a 
back up, you know a second copy... 
Good. Listen, I've got a customer, give me, or I tell you what, I'll 
give you a ring when I've finished with them. OK... yes, I 
promise I'll do it without fail. 
Sorry to keep you waiting, now how can I help you? 


Question three 
Woman: So anyway, we got this thing for Murray. 'Deviant 


Destroyer' it's called, and quite frankly I'm worried. It has these 
really graphic images of violence and, well, you know things on 
it... I think it's all pretty sick myself. I kind of wish we hadn't got 
it for him. His teacher said that these games would erm, make 
him comfortable with the technology, the nursery slopes of 
computing she called them but me I'm not so sure after all he's 
only nine and he's well far too young for this kind of stuff. 


Question four 
Demonstrator: And the amazing thing about the Newman is that 


it actually recognises your handwriting. This means that things 
you erm write on the screen in your writing will actually be 
recognised and translated into ordinary letters. Let's have a 
look. There we are. Fantastic eh! It can even read my writing. 
Now the Newman is even compatible with your PC so all you 
need to do is plug it in when you get home and you'll be able to 
transfer stuff as easily as anything. Let's just see how it works 
shall we? Now, just for this week there is a special promotion 
and we're offering a ten percent discount off the list price and... 


Question five 
Male l ink man: Now here is Isabella Greenhaigh with news of 


next week's edition of Pandora's Box. 
Isabella Greenhaigh: And in the next Pandora's Box, the 


programme that brings you the future now, we'll be going to 
Tokyo where exciting new developments are taking place with so 
called smart buildings. There is a special feature too on genetic 
engineering and the strides which have been made to detect 
Worrell syndrome in the early stages of pregnancy. All this plus 
the usual round up of science news. So tune in next Thursday at 
8.15 for another fascinating edition. 


Question six 
Man 1: Broken down. What do you mean it's broken down? Look 


it's the fourth time this week I've been asked to come and sort it 
out. 


Man 2: But he doesn't know what to do with it. 
Man 1: Look, he knows just as much as I do. Honestly. He can't 


keep calling me every time there is a paper jam, you know. 
Man 2: But he says he doesn't know how it works. 
Man 1: Well, I don't believe it. It's more like he doesn't want to 


know. He just doesn't want to get his hands dirty, that 's what it 
is. I'm not the engineer, I'm just another... 


Question seven 
Teacher 1: Well it's a pretty amazing package, isn't it? I mean, I 


haven't come across one which would allow you to interact the 
way it does. You can even check your pronunciation against a 
native speaker. I wonder where this is going to leave us. If 
things keep developing at this rate then we won't be needed in 
ten years' time. Nobody will want language teachers any more. 


Teacher 2: Don't worry about it, it might never happen. 
Teacher 1: You can say that, but I'm not so sure... 


Question eight 
Student 1: So I've got another one. 
Student 2: Oh yeah. 
Student 1: What do you erm say to someone with a degree, in 


erm, philosophy? 
Student 2: A burger and fries, please... 
Student 1: What you've heard it? 
Student 2: You told it to me before, not an hour ago... Good grief, 


don't you remember? You and your jokes! 







abbreviating c lauses: 
I'd seen Tom's spirit walking beside him. 151 


abil ity: could, w a s able to, etc. 42 


adjectives (order) for people: 
He has a round, friendly-looking face. 98 
for objects.- She is wearing a green French, 
cotton running vest. 135 


adverbs (of frequency): 
I always spend my spare time ... 13 


comparat ives : She speaks good French. 120 


condi t ionals (sentences using if-f i rs t , second 


and third conditionals) .-


If Rose's mother hadn't died ... 143 


conjunct ions: because , but, so, etc. 107 


contrast ing ideas: although, despite, but 119 


definite article: The man was tall. 84 


e n o u g h (and too): . . . they weren't intelligent 


enough 121 


future (ways of expressing the future): 
will, going to, etc. 66 
(future perfect and future continuous): 177 


gerund (and the infinitive): Immigrants risked 


losing their lives. I She chose to leave home. 164 


have (causative have): 


Harriet had her clothes made. 77 


I'd rather (/it's t ime): Vd rather we went ...22 


if (ways of saying if): if, un l e s s , o t h e r w i s e 145 
(conditional sentences using if): 143 


infinitive (and the gerund): She chose to leave 


home. /Immigrants risked losing their lives. 164 


it's t ime (/I'd rather) It's time we left. 22 


no sooner: 153 


not only: 153 


numbers (saying numbers): 163 


!40 


obl igat ion and necess i ty: 
must, need to, have to, etc. 62 


pass ive (review oj passive forms): 
the problem can be dealt with 88 
is believed to be, is said to have had 95 


past tenses (past simple): 
Once upon a time there was a little girl... 47 
(past simple or present perfect?) 30 
(past continuous): The sun was shining... 47 
(past perfect):... which contained a cake her 
mother had baked specially ... 47 


phrasal verbs (introduction): 
Cathy was brought up in Singapore. 12 
(grammar of phrasal verbs) .-
She told him off. 54 


predictions and guesses : 
... she must be strong-willed 95 


preposit ions (following adjectives) .-
responsible for 130 


present perfect (uses, versus the past simple, 


present perfect simple and continuous, adverbs and 


word order): 30 


reported speech: He asked me who had taken it. 


110 


short replies: So am I. 23 


too (and enough): Annie was too tired to take the 


dog for a walk last night. 121 


used to (different forms): He used to play tennis. 


He's used to playing tennis. 75 


used to and would: 


The black population of Trinidad used to be slaves 


the slaves would have to fight fires ... 130 


verb patterns: 
She reminded them to be back by 4.30. 132 


verbs (followed by prepositions): 
Rose's mistress accused her of stealing. 144 


wish (forms of): I wish you weren't so boring. 145 
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Bologna Process 
The Bologna Process is an important process of harmonizing various systems of 
European higher education that has the objective to create a European Area of 
Higher Education and to promote the European system of higher education on a 
worldwide scale in order to increase its international competitiveness. 


 Introduction 


 The role of higher education in the process of building Europe 


 The objectives of the Bologna Process 


 Regarding the declaration of Bologna 


 Follow-Up Conferences 
 
Introduction 
On 19 June 1999, the ministries of higher education from 29 European countries 
met in Bolognato underwrite an important agreement. That document, known as 
the Declaration of Bologna, initiated an important and presently irreversible 
process to harmonize the various European systems of higher education: the 
Bologna Process. 
The main objective of the Bologna Process is the formation of a European Area of 
Higher Education and the promotion of the European system of higher education 
on a worldwide scale in order to increase its international competitiveness. In order 
to achieve the harmonization of the European university systems, the Declaration 
of Bologna designated six principal objectives of whose realisation will be 
monitored and directed via a series of Follow-Up Conferences proceeding until 
2010. 


The role of higher education in the process of building Europe 
In the coming year, the European Union must face a growing number of new and 
difficult challenges: globalisation, integration of several new members, as well as 
the transformation of Europe into an economic area founded upon knowledge. In 
order to successfully confront these challenges, it is of utmost importance now to 
encourage scientific and cultural exchanges at all levels and to allow for the 
maximum mobility of qualified workers, students, and researchers. 


It is necessary, therefore, to have a harmonization of the university systems that, 
with respect to the diverse cultures and academic traditions, facilitates the 
recognition of university qualifications, have the possibility to issue joint-degree, 
favours the mobility of students and researchers, and thus to enlarge the horizons 
of the labour market on a European scale. 


In the Declaration ofBologna, the central role that education holds in the realisation 
of this project is recognised, as defined in the course of the European Union 
summit held in Lisbon in 2000 and inBarcelona in 2002. This recognition has the 
intent to create in Europe within the next decade an economic area more 
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competitive on the global scale and a more dynamic scientific system in the world, 
with bigger and better employment possibilities and a larger social cohesion. 
Education, in particular higher education, represents a powerful axis but also the 
most delicate aspect  in this ambitious project. The so-called Bologna Process 
constitutes without a doubt the principal tool for the attainment of the elevated 
standards of quality in the sphere of education. 


The Objectives of the Bologna Process 
The Declaration of Bologna has defined six objectives, to be carried out by 2010. 


 Adoption of a system of qualification readily legible and compatible, also by 
means of the implementation of a Diploma Supplement. 


 Adoption of a system founded upon a two-cycle system, that is a 1st and 2nd 
level. Entrance to 2nd level cycle will require the completion of a 1st cycle of 
study, of whose duration cannot be less than three years. 


 Consolidation of a system of academic credits - based on the ECTS system -
that can be acquired in diverse disciplinary contexts. 


 Promotion of mobility (for students, lecturers, researchers and technical-
administrative personnel) by means of removing obstacles for the full exercise of 
free circulation. 


 Promotion of European cooperation concerning the assessment of quality. 


 Promotion of an indispensable European dimension of higher education: 
development of degree plans, cooperation between university institutions, mobility 
programmes, integrated studies plans, development and research. 


Regarding the Declaration of Bologna 
The Declaration of Bologna was preceded by a significant debate on the role of the 
university in the development of the cultural dimensions of Europe. 
Two fundamental stages were the "Convention on the recognition of qualifications 
regarding higher education in the European region", signed in Lisbon in April, 
1997 by the ministries of education of numerous countries (not only EU), and "The 
joint declaration of the Sorbonne on the harmonization of the architecture of the 
European system of higher education," underwritten 25 May 1998 in Paris by the 
ministries of higher education of France, Germany, Italy, and the United Kingdom. 


In the latter document the four ministries demonstrated alliance on the opportunity 
"to realise a common European area of higher education, where the national 
identities and the communal interests could be integrated and mutually enforced to 
the benefit of Europe, the students, and more in general, the European citizens." At 
the conclusion they hoped that "other member countries of the EU and other 
European countries" would unite in the project. 
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How to Give a Great Scientific 
Presentation 
  


A lack of communication skills is one of the most common complaints levelled at scientists. 


Developing these skills is critical for an emerging researcher, since it affects all facets of 
one’s professional life – from the impression you give at a conference, to your performance 


during a job interview, to quickly explaining to anyone what you do in the infamous ’30-
second elevator speech’ scenario. In this tutorial, we’ll help by explaining how give an 


outstanding scientific presentation. 
  


1. The Most Important Things 
  


Introduce Your Topic Properly 
  


A great introduction is the most important, yet also most ignored, aspect of a scientific 


presentation. You should have such an excellent introduction that everyone in the audience 
– no matter their background or education – will be follow most of your presentation. As 
New Zealander and Nobel laureate Lord Ernest Rutherford often declared, “it should be 


possible to explain the laws of physics to a barmaid.” Other luminaries such as Albert Einstein 


and Richard Feynman also emphasized this point, one perhaps most neatly summarized by 
Kurt Vonnegut: “any scientist who couldn’t explain to an eight-year-old what he was doing was a 


charlatan.” 
  


The simplest way to make an excellent introduction is to first assume that no one in your 
audience has anybackground in your research. You will have to introduce your motivation, 


your methods, your equipment, and so forth, one step at a time. This background may well 
take up over half your presentation, but it is well worth it if it means that you do not lose 


your audience. 
  


Motivation: Why Is Your Research Important? 
  


The second most important point is to clearly explain the motivation behind your research. 


Why should a non-scientist care? How will it impact the world in general? Ideally, 
one should be able to link this motivation to people – just as the photographs that fascinate 
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us have human faces in them, the most interesting talks are those that address real human 


concerns. If your research is in the medical sciences, this human connection is often 
evident. For other fields, it may be more difficult. However, there is always a way to do this 


effectively: at some level, there is a motivation that relates to human concerns, or else your 
research would have never been funded. 


  


Keep It Simple, Keep It General 
  


Do not add unnecessary complications to your presentation for no reason. As Albert 


Einstein said, everything should be made as simple as possible, but no simpler. Focus on 
what your main results are, and tailor your presentation around that. The details are for the 


full journal article you publish, and anyone needing them can read them there. This strategy 
of simplicity will also help with over-cluttered slides, keep the text to a minimum (if you have 


more than 1-2 short paragraphs on a slide, you need to do some editing). 
  


Practice, Practice, Practice 
  


Once you have finished your presentation, you should practice delivering it at least 5-10 


times. “Practicing” means standing up, speaking aloud, doing your normal range of body 
gestures, and timing yourself. The last point is very important, since it ensures that you do 


not go over your allotted time. But keep in mind that while lots of practice is necessary, you 
also don’t want to memorize every word of your presentation, since this can give your talk a 


robotic feel – leave some spontaneity in! 
  


2. Ensure Scientific Fairness 
  


Clearly Compare Your Research to That in the Literature 
  


Giving a survey of existing scientific literature is of key importance to any research 


presentation: it shows that you’ve done your reading, and it helps the audience by 
positioning your research into the broader scientific context. In your presentation, you 


should clearly what exactly is novel about your research; for example, by saying something 
like “We were the first to show that it is possible to achieve [x] from this [y].” 


  


Cite Judiciously 







  


Any time you bring up any images, results, ideas, claims and so forth, you should cite 
where that work is coming from. Make it clear whether what’s being shown is new work 


from your own group, or is past work from someone else’s group. This allows the audience 
to evaluate the impact of your presentation. Make sure your citation style is consistent 


across your entire presentation, and use a well-known style that’s common in your field 
(e.g., chemists can use the ACS style guide to referencing). 


  


Acknowledgements 
  


Have a graceful acknowledgements slide in which you (briefly) outline your supervisors, 


collaborators, and others who have helped with your research. Also remember to include 
your funding agencies. Thanking the audience for their attention doesn’t hurt either, and 


provides a nice segue into the question-and-answer session. 
  


3. Engaging With the Audience 
  


Enthusiasm is incredibly important in engaging your audience. You should be animated in 
your voice – vary your volume and speed of delivery – and also be active in your gestures. 


Use your hands, wave them around, point to things. Make sure you project your voice, 
using techniques such as diaphragmatic breathing. Other points to keep in mind: 


 If have a session chair introducing you, thank him/her by name, i.e., “Thank you very much 


for that kind introduction, Prof. [x]”. 


 Make a connection between you and your audience by introducing yourself. “Hello, my name 


is [x] and I’m from the department of [y] at the University of [z], in the position of [w]. 


Today I’ll be talking to you about [v]”. Do this even if you’ve already been introduced by the 


chair, and even if it’s written on your slides: it’s different when you say it. 


 Respect time limits. Your audience is likely to be on a tight schedule, and going over your 


allotted time is disrespectful to your audience, organizers and fellow presenters. If you follow 


the previous advice of practicing (and timing) your presentation 5-10 times, the time limits 


will not be an issue. If in doubt, follow the 1-minute-per-slide rule of thumb (i.e., for a 10 


minute presentation, you should have about 10 slides). 


Finally, remember that the Q&A (question-and-answer) session is key: it can make or break 


your presentation. Be respectful to the person asking the question, even if they seem overly 
critical. As the question is being asked, walk as far as possible towards the person asking, 


i.e., to edge of stage nearest to them. Don’t feel that you have to rush your answer – take a 
moment to compose your thoughts. Start by repeating the question back at the audience, 


i.e., “So, the question asked was ‘Why is it that [x]…'”. This does two things: (1) lets the general 
audience hear it (they often don’t, because audience voices can project poorly), and (2) 
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makes sure that you understand the question asked. Then answer the question to the best 


of your ability, finishing your answer by asking “Did that address your question?”. 
  


4. Slide Design 
  


Making beautiful slides helps, but there is no magic bullet here – not everyone is a 
professional graphic designer (this handy “guide to visual design for everyone” can help 


though). Keep these points in mind to avoid the most common mistakes: 
 Use animations sparingly. They are most useful when used to focus and direct the audience’s 


attention. The best way to do this is to use the “appear” and “disappear” animation: start a 


slide with a single sentence or image, and then add to it using the “appear” animation. 


 Have a cohesive color scheme and design. All slides should feel like they’re part of the same 


presentation, not just a random mix of styles and themes. For inspiration, see this website’s 


most popular palettes. 


 Use large photos as backgrounds if possible. Search on Flickr or Google Images for 


photographs shared under a ‘Creative Commons’ type license. For more on this point, see 


this fun, excellenttutorial for details, and this one. 


 Avoid 1980’s-era clipart. Use large, beautiful photos instead; see point above. 


 Limit your text per slide to 1-2 short paragraphs, at most. Better yet, keep it to a few, simple 


sentences. Leave the details for your publications, and refer your audience to those 


publications if you wish. This also helps keep your font size large and legible, a very 


important consideration. 


For further reading on slide design and presentations, see these helpful, fun examples: 
 Steal This Presentation! 


 You Suck At PowerPoint! 


 100 Beautiful Slides From Cannes Lions 2010 


 How To Give a Good Research Talk 


 How To Create Presentations that Don’t Suck 


 Science Blogger David White’s Take on Presenting 


 Ten Secrets to Giving a Good Scientific Talk 


 Three Articles on Presenting From the Journal Science: (1) Reinventing, (2) Anxiety and 


(3) Non-Natives 


Finally, if you haven’t discovered TED yet, take a look at some of the best presentations 
you’re ever likely to see. TED talks have also been dissected here to help you build their 


best bits into your talks. Also note that Nobel Prize winner Richard Feynman’s talks, some 
of which can be found here, are as good an inspiration for scientific enthusiasm and clarity 


as can be found. 
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Ten Secrets to Giving a Good Scientific Talk 


  


More people will probably listen to your scientific talk than will read the paper you 
may write. Thus the scientific talk has become one of the most important 
communication forums for the scientific community. As proof, we need only look at 
the rising attendance at and the proliferation of meetings. In many ways your research 
reputation will be enhanced (or diminished) by your scientific talk. The scientific talk, 
like the scientific paper, is part of the scientific communication process. The modern 
scientist must be able to deliver a well organized, well delivered scientific talk 


I have compiled this personal list of "Secrets" from listening to effective and 
ineffective speakers. I don't pretend that this list is comprehensive - I am sure there 
are things I have left out. But, my list probably covers about 90% of what you need to 
know and do. 


Most scientific presentations use visual aids - and almost all scientific presentations 
are casual and extemporaneous1. This "scientific style" places some additional 
burdens on the speaker because the speaker must both manipulate visual media, 
project the aura of being at ease with the material, and still have the presence to 
answer unanticipated questions. No one would argue with the fact that an unprepared, 
sloppy talk is a waste of both the speaker's and audience's time. I would go further. A 
poorly prepared talk makes a statement that the speaker does not care about the 
audience and perhaps does not care much about his subject. 


So what are the secrets of a good talk? Here is my list of do's and don'ts. 


1) Prepare your material carefully and logically. Tell a story. The story should 
have four parts: 


(a)Introduction (b) Method (c) Results (d) Conclusion/Summary. 


The Introduction should not just be a statement of the problem - but it should indicate 
your motivation to solve the problem, and you must also motivate the audience to be 
interested in your problem. In other words, the speaker must try and convince the 
audience that the problem is important to them as well as the speaker. 


The Method includes your approach and the caveats. To me , the Method becomes 
more interesting to the listener if this section is "story like" rather than "text book 
like". In other words "I did this and then I did that, but that didn't work so I did 
something else." This Rather than, "The final result was obtained using this 
approach." This adds the human element to your research which is always interesting. 


The Results section is a brief summary of your main results. Try and be as clear as 
possible in explaining your results - include only the most salient details. Less salient 
details will emerge as people ask questions. 







The Conclusion/Summary section should condense your results and implications. This 
should be brief - a bullet or outline form is especially helpful. Be sure to connect your 
results with the overview statements in the Introduction. Don't have too many points - 
three or four is usually the maximum. 


These four items are the core of a good talk. Good speakers often broaden the 
Introduction to set the problem within a very wide context. Good speakers may also 
add fifth item: Future Research. 


There is a crusty old saying among good speakers that describes a presentation from 
the communication viewpoint: "Tell'em what you are going to tell'em. Tell'em. 
Then tell'em what you told'em." The point of this aphorism is people absorb very 
little information at first exposure - multiple exposures are the best way for ideas to 
sink in. Thus, it is ok to state some of your results in the introduction, and then to 
repeat your main points in the results/ conclusion sections. 


2) Practice your talk. There is no excuse for this lack of preparation. The best way to 
familiarize yourself with the material and get the talk's timing right is to practice your 
talk. Many scientists believe that they are such good speakers, or so super-intelligent 
that practice is beneath them. This is an arrogant attitude. Practice never hurts and 
even a quick run through will produce a better talk. Even better, practice in front of a 
small audience. 


3) Don't put in too much material. Good speakers will have one or two central 
points and stick to that material. How many talks have you heard where the speaker 
squanders their time on unessential details and then runs out of time at the end? The 
point of a talk is to communicate scientific results, not to show people how smart you 
are (in case they can't figure it out for themselves). Less is better for a talk. Here is a 
good rule of thumb - each viewgraph takes about 1.5-2 minutes to show. Thus a 12-
minute AGU talk should only have 6-8 viewgraphs. How many "viewgraph movies" 
have you seen at the AGU? How effective were those presentations? Furthermore, no 
one has ever complained if a talk finishes early. Finally, assume most of the audience 
will know very little about the subject, and will need a clear explanation of what you 
are doing not just details. 


4) Avoid equations. Show only very simple equations if you show any at all. Ask 
yourself - is showing the equation important? Is it central to my talk? The problem is 
that equations are a dense mathematical notation indicating quantitative relationships. 
People are used to studying equations, not seeing them flashed on the screen for 2 
minutes. I have seen talks where giant equations are put up - and for no other purpose 
than to convince the audience that the speaker must be really smart. The fact is, 
equations are distracting. People stop listening and start studying the equation. If you 
have to show an equation - simplify it and talk to it very briefly. 


5) Have only a few conclusion points. People can't remember more than a couple 
things from a talk especially if they are hearing many talks at large meetings. If a 
colleague asks you about someone's talk you heard, how do you typically describe it? 







You say something like "So and so looked at such and such and they found out this 
and that." You don't say, "I remember all 6 conclusions points." The fact is, people 
will only remember one or two things from your talk - you might as well tell them 
what to remember rather than let them figure it out for themselves. 


6) Talk to the audience not to the screen. One of the most common problems I see 
is that the speaker will speak to the viewgraph screen. It is hard to hear the speaker in 
this case and without eye contact the audience loses interest. Frankly, this is difficult 
to avoid, but the speaker needs to consciously look at the object on the screen, point to 
it, and then turn back to the audience to discuss the feature. Here is another 
suggestion, don't start talking right away when you put up a viewgraph. Let people 
look at the viewgraph for a few moments - they usually can't concentrate on the 
material and listen to you at the same time. Speak loudly and slowly. . I like to pick 
out a few people in the audience and pointedly talk to them as though I were 
explaining something to them. 


7) Avoid making distracting sounds. Everyone gets nervous speaking in public. But 
sometimes the nervousness often comes out as annoying sounds or habits that can be 
really distracting. Try to avoid "Ummm" or "Ahhh" between sentences. If you put 
your hands in your pockets, take the keys and change out so you won't jingle them 
during your talk. 


8) Polish your graphics. Here is a list of hints for better graphics: 


1. Use large letters (no fonts smaller than 16 pts!!) To see how your graphics 
will appear to the audience, place the viewgraph on the floor - can you read it 
standing up? Special sore points with me are figure axis and captions - usually 
unreadable. 


2. Keep the graphic simple. Don't show graphs you won't need. If there are four 
graphs on the viewgraph and you only talk to one - cut the others out. Don't 
crowd the viewgraph, don't use different fonts or type styles - it makes your 
slide look like a ransom note. Make sure the graph is simple and clear. A little 
professional effort on graphics can really make a talk impressive. If someone in 
your group has some artistic talent (and you don't) ask for help or opinions. 


3. Use color. Color makes the graphic stand out, and it is not that expensive 
anymore. However avoid red in the text - red is difficult to see from a distance. 
Also, check your color viewgraph using the projector. Some color schemes 
look fine on paper, but project poorly. 


4. Use cartoons I think some of the best talks use little cartoons which explain the 
science. It is much easier for someone to follow logic if they can see a little 
diagram of the procedure or thought process that is being described. A Rube-
Goldberg sort of cartoon is great for explaining complex ideas. 


9) Use humor if possible. A joke or two in your presentation spices things up and 
relaxes the audience. It emphasizes the casual nature of the talk. I am always amazed 
how even a really lame joke will get a good laugh in a science talk. 







10) Be personable in taking questions. Questions after your talk can be scary. But 
questions are very important. If there are no questions after a talk that I give, I am 
disappointed. It means that I failed to stimulate the audience, or that they understood 
nothing of what I said. I failed to communicate. Questions tell you what part of your 
talk the audience did not understand. Questions may also help you focus your research 
or help you in the write up. So what is the best way to answer questions? 


1. First, repeat the question. This gives you time to think, and the rest of the 
audience may not have heard the question. Also if you heard the question 
incorrectly, it presents an opportunity for clarification. 


2. If you don't know the answer then say "I don't know, I will have to look 
into that." Don't try to invent an answer on the fly. Be honest and humble. You 
are only human and you can't have thought of everything. 


3. If the questioner disagrees with you and it looks like there will be an 
argument then defuse the situation. A good moderator will usually intervene 
for you, but if not then you will have to handle this yourself. e.g. "We clearly 
don't agree on this point, let's go on to other questions and you and I can talk 
about this later." 


4. Never insult the questioner. He/she may have friends, and you never need 
more enemies. 


A couple miscellaneous points 


Thank you - It is always a good idea to acknowledge people who helped you, and 
thank the people who invited you to give a talk. 


Dress up - People are there to hear your material, but when you dress up you send the 
message that you care enough about the audience to look nice for them. 


Check your viewgraphs before you give the talk. Are they all there? Are they in 
order? This is especially important with slides. Try to bring them to the meeting in a 
tray, or at least check them to be sure they are not upside down or backwards when 
the projectionist gets them. It is especially annoying to watch people fumble to get a 
viewgraph right side up. Don't do this by looking at the screen. Just look at the 
viewgraph directly. If it is right side up to you, then it will project correctly on the 
screen assuming that you are facing the audience. Go over the slides or viewgraphs 
quickly before the talk. Some people attach little post-it notes to viewgraphs to remind 
them of points to make. This seems like a good idea to me. However, It is very 
annoying to watch people peel their viewgraphs from sheets of paper. It suggests that 
they have never looked at them before. It is faster, more permanent, and you are less 
likely to have a mixed up shuffle, if you put them into viewgraph holders which clip 
in to a three ring binder. 
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READING SCIENTIFIC PAPERS 
  
FINDING A SUITABLE ARTICLE TO REVIEW: 
  
Bibliographic sources 
          1. Reference lists - Once you find a single good article, you can use the reference list at 
the end of the article to find an ever-expanding list of related articles.  (See also Citation 
Index below.) 
          2. Reliable journals - People will often page through two or three of their favorite 
journals just to look for interesting articles and to generally keep up with what is going on in 
science.  Most libraries (and in particular, Lane - medicine, and Falconer - biology) have 
designated sections where they display recent received journals. 
          3. Popular press - The press often receives advanced copies of journals even before they 
are sent to scientists or libraries.  One can get interesting leads on what will be coming 
out.  Remember, that only a miniscule proportion of findings reach the popular press so the 
selection is often biased and/or sensationalized.  However, this is the view that the lay public has 
about science and medicine, so it is worthwhile to read on that basis alone.  NEVER take the 
findings presented in a newspaper article at face value.  Always look up the citation for yourself 
and see what it says.  See if they got the message right.  See how strong the evidence is.  Certain 
papers such as the New York Times are much more likely to get the facts straight.  Others, such 
as The National Enquirer should be assumed to be fictionalized and are of no value (except 
perhaps as entertainment).  You should realize that the headings for articles are NOT written by 
the authors.  They are written to catch the eye and to conform to space requirements.  Therefore, 
they are even more likely to contain erroneous statements, even for an article that is accurately 
written. 
          4. Colleagues, professors, and friends.  Because no one person can possibly screen the 
literature, this is an excellent way to find out about interesting articles. 
          5. Current Contents - This is a journal that consists of the table of contents reprinted from 
a number of other journals.  This is a way of rapidly perusing the titles of a large number of 
articles in order to decide which ones bear further scrutiny. 
*        6. Citation Index - To me this is one of the most valuable resources there is.  It allows one 
take take a reference "forward in time".  It is a compilation of all the articles that were referenced 
by recently published articles.   Therefore, if you find an excellent article from two years ago, 
you can look that article up and see what other articles used it as a reference in the past month 
for instance.  This is a way to find a more recent article on the same topic. 
          7. Compilations of Abstacts - In concept, these are like Current Contents.  In this case, 
however, they are published less frequently, and they contain not only the title of the article but 
the abstract or summary as well. 
                      1. Index Medicus 
                      2. Bioabstracts 
          8. Computer searches - This is a good way to go if you know what topic you want to 
study, but you do not have a good starting place.  It is imperative to do an appropriate job of 
restricting the search topic or you will end up with more references than you know what to do 
with, most of which will be extraneous. 
          9. Web searches - Very hit or miss as far as quality, however, I have been very impressed 
at the ability to locate hard to find trivia, comprehensible pictures and diagrams, and human 
interest aspects of a scientific story.  Remember that different search engines will produce 
different results.  For example, I have found Lycos to be more useful than Yahoo.  Web Crawler 
will search using a variety of search engines at the same time. 
  
 
 







READING SCIENTIFIC ARTICLES 
  
          There are many appproaches to reading scientific articles.  Those of you who have had 
significant experience reading such articles will have developed a style of you own.  For those of 
you who have not, I will discuss one approach. 
          One does not read a journal article like a novel or a newspaper article.  There are several 
reasons for this: 
                      1) The information is too dense to comprehend it with a simple reading. 
                      2) You may be interested in a specific aspect of the article rather than the entire 


thing.  The special structure of such articles allows one to find the desired section 
more easily. 


                      3) Understanding of one part of an article will often require backward or forward 
reference to another part of the article. 


          *** For adequate understanding of an article, you should be prepared to read an article at 
least two, three, or four times.  You will often be amazed to discover that what seemed 
completely incomprehensible on the first reading, appears to make perfect sense on subsequent 
readings.  You should be comforted to know that even experienced scientists must read articles 
over and over again. Furthermore, there will be things you simply do not understand because 1) 
you do not have the adequate background, 2) they are just too complicated, or 3) they simply do 
not make sense.  Do not overlook this last possibility simply because you see something in print.  
          You should be prepared to do some work in order to acquire sufficient background for 
adequate understanding of an article.  This will include: 
          1) looking up points made in the references; 
          2) looking things up in textbooks; 
          3) looking up words in dictionaries (particularly biological and medical dictionaries); 
          4) asking questions of people who may know. 
  
          In general, people do not try to conquer every article they encounter.  There are simply too 
many articles and it would require too much work.  They tend to go through a sequential process 
of studying the article - all the while deciding whether or not to give it further attention.  The 
decision is based on several factors: 
          1) Whether the article is of sufficient interest 
          2) Whether the article is relevant to their work 
          3) Whether the article is of general importance 
          4) Whether the article is if high quality and or accurate 
          5) Whether the article is clearly written and accessible at least after reasonable amount of 


effort 
          6) Whether the article is "meaty" 
          7) Whether the article is short. 
  
 
 
       Some specific suggestions: 
  
Phase I: Screening the article 
       1) Read the title once fast looking for key words.  Read the title slowly until it makes sense. 
       2) Look through the authors to see if there is anyone whose name you recognize, whose 
work you know.  This is an important process in trying to judge the quality of the data. 
       3) Look at the date.  In molecular biology, where information is rapidly changing, the date 
may be all-important.  With policy issues, the date is less important than the quality of 
thought.  Bear in mind that there is a definite lag period between when the research gets done, 
when the article gets written and when it gets published.  In addition to the publication date, 







many journals list the date when the article was received, and the date when the article 
was accepted.  Interestingly, journals that are refereed (see below) are more likely to be delayed 
in their publication, but are less likely to contain inaccurate or frivolous articles. 
       4) Some articles have a brief list of key words.  Although they are sometimes misleading (as 
anyone who has done a computer reference search knows) they are usually quite informative and 
should be looked at early on. 
  
Phase II: Getting the punch line. 
       1) Read the abstract once fast looking for key words.  Read the abstract slowly until it makes 
sense. 
       2) Read introduction.  The introduction is often the easiest part of an article to read.  In some 
cases, it is also the most informative - not so much in terms of presenting new information, but in 
consolidating background information.  Some authors will also present the punch line of their 
research in a way that is easier to understand than the way it is presented in the abstract. 
       3) The introduction will often cite many of the references.  This is an excellent time to begin 
looking at them.  The references are particularly informative if they contain the titles of the 
articles being cited.  You will want to go back to the reference page over and over again.  
  
Phase III: Understanding the approach 
       1) Peruse the figures and tables.  You will not understand them this first time through but 
this will help you know what to look for when you actually read the article. 
       2) Go to the discussion.  Read the first few paragraphs and the last few paragraphs.  If it is 
short and/or easy to understand, read the whole thing. 
  
 
 
Phase IV: First reading 
       1) If you get this far you may wish to photocopy the article if you have not already done 
so.  The monetary investment will surely be trivial in comparison to the investment of your time. 
       2) Skim the abstract and the introduction once again.  At this point you should be able to 
have an adequate understanding of them. 
       3) Skim the methods section.  The methods section will need to be studied carefully only if 
you intend to use some of the procedures in your research. 
Certain parts of the methods, such as where the chemicals were purchased or whence the viral 
strains were obtained do not actually contribute to an understanding of the article and may be 
safely omitted. Other parts of the methods may remain obscure even after the rest of the article is 
fairly clear.  For our purposes, the methods should be studied only in so far as they contribute to 
the understanding of the rest of article. 
       4) Read the results section. 
       5) Read the discussion. 
       6) Study the figures and tables. 
  
Phase V: Increasing understanding 
       1) Reread the article in its entirety.  You may wish to read several times. 
       2) Be sure to write on the article.  Circle words you do not know.  Check important 
points.  Question things you do not understand or that do not appear to make sense.  X-off things 
that are wrong.  Jot down further ideas or questions. 
       3) Consult the references.  Look up points that were not fully explained. 
Consult textbook to clarify points of general biology.  Look up words that are unfamiliar. 
       4) Before leaving the article, reread the abstract once again. 
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Предисловие 
 


Учебно-методическое пособие предназначено для подготовки к 
кандидатскому экзамену по общеобразовательной дисциплине 
«Иностранный язык» (английский) в МГЭИ им. А.Д. Сахарова БГУ  


Основная цель пособия – обеспечить подготовку к сдаче экзамена 
кандидатского минимума по английскому языку. В процессе подготовки к 
экзамену магистранты и адъюнкты  научатся  также пользоваться английским 
языком как инструментом для решения задач информационного обеспечения 
научного исследования, приобретут навыки академического письма и 
практические навыки перевода текстов научной тематики.  


Пособие состоит из 3 частей. Цель упражнений  первой  части  -  
развитие практических умений, связанных  с распознаванием ключевых 
текстовых структур, обучение межфразовым связям, обучение пониманию 
логической и формальной структуры  научного текста.  Цель заданий второй 
части – усвоение определенного набора общенаучных речевых клише, 
наиболее часто употребляемых в письменных и устных сообщениях. Третья 
часть посвящена отработке  некоторых грамматических явлений, 
представляющих трудности при работе с текстами научного стиля.   


В приложении конкретизируются требования, предъявляемые к 
экзамену кандидатского минимума по английскому языку.  
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Part I. Expressing an Idea 


Unit 1. Topic and Topic Sentence 
 


A bit of theory! The basic unit of a written text is a paragraph.  The central idea 
of the paragraph is called the topic. The topic is usually expressed by key word 
(ключевое слово), as a rule it is a noun (имя существительное) or the noun with 
determinants (имя существительное с зависимыми словами, которые его 
определяют). Example: “The Main Characteristic Feature of the Present 
Civilization”, “Ecological and Economic Aspects of Sustainable Development”; “Fire 
Safety Licensing”; “Organic Compounds for Combustion”, “Fire Fighting Vehicles 
and Equipment”, “Water Pollution”. The determinants can be nouns 
(существительные), adjectives (прилагательные), noun with prepositions 
(существительные с предлогами), and participles (причастия).  


 
Task 1. Observe the key words and the determinants in following word groups. 
Translate them. 
 
word group key word determinants translation of 


word group 
 safety licensing licensing safety  
sustainable 
development 


development sustainable  


substances for 
combustion 


substances for combustion  


Human genome 
project 


project Human genome  


air pollution pollution air  
A-bomb survivors survivors A-bomb  
Killer gene gene killer  
Radiation exposure exposure radiation  
 
Task 2. Find the key word and determinants in  following word groups, and translate 
them. 
 
word group key word determinants translation 
Low-intensity 
radiation 


   


Low-level 
radiation exposure 


   


Cell proliferation    
Male rats    
Immunoregulatory    
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subpopulation 
Immune deficiency    
high frequency 
electromagnetic 
fields 


   


deadliest terrorist 
attacks 


   


 
A bit of theory! The sentence expressing the topic is called the topic sentence. 


The topic sentence has a complete structure, so it contains the subject (подлежащее), 
the predicate (сказуемое), and other parts of the sentence (второстепенные члены 
предложения: дополнения, обстоятельства, определения). Example: “What is the 
price of living nature?” “The ability to conduct heat varies between materials”. A 
paragraph can have one or more topic sentences.  
 
Task 3. Observe the examples of topics and topic sentences. Translate them. 
 
Topic Topic Sentence 
1. Conduction  Conduction may occur in solids, liquid 


or gases.  
2. World of Science It is not much of an exaggeration to say 


that we live in a world that, materially 
and intellectually has been created by 
science.    


3. Launching of the Environment and 
Security Initiative 


The Environment and Security initiative 
was launched in May 2003 at the 5th 
Environmental ministerial conference.   


4. Saint Valentine Legends There are many legends about Saint 
Valentine.   


5. Renewing our Natural Resources  The process of renewing our natural 
resources has not been easy.  


6. Recycling  Recycling is an alternative plan for solid 
waste disposal.  


 
Task 4. Consider the following topic sentences and complete the chart.  
Topic sentences:  
a) E 8 is the symmetry of the geometric object like a sphere, cylinder or cone.  b) 
Events of April 1986 at the Chernobyl NPP compelled the world community to 
develop new criteria on intervention levels with a view to improve protection of the 
population. c) The model study should be used only to establish some of the steps in 
the reaction pathway. d) The chaotic system is defined by Solomon as one that”shows 
sensitivity to initial condition”.  e) Wood pellets are environmentally friendly biofuel 
with no net contribution to global warming.  
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Topic Topic Sentence 
1. Definition of a chaotic system  
2. The model study  
3. Biofuel  
4. Essence of E 8  
5. Consequences of the Chernobyl 
disaster 


 


 
Task 5. Match the topics and topic sentences. 
Topics:  
1. Risk management 2. Emissions from incomplete combustion.    3. Hazard.  4. Risk. 
5. Three factors of wild fires.  6. CO2 emissions. 7. Safety 
 
Topic Topic Sentence 
 a) A phenomenon of any kind of origin 


(physical, chemical, biological, 
economic, social etc.), which is able to 
cause damage to the society, the 
environment or a protection object.  


 b) Quantitative characteristics of a 
possible realization of any danger and 
its consequences, which as a rule is 
measured in respective units.   


 c)  During initial smoldering of the 
studied fuels, methoxyphenols from the 
lignin of the fuels were released at high 
concentration.      


 d) There is growing consensus that CO2 


emissions from burning fossil fuels are 
altering the global climate.  


 e) More than 80 years of fire research 
have shown that physical setting, 
weather, and fuels, combine to 
determine wildfire intensity and 
severity.  


 f) Elaboration of complex measures 
(engineering, economic, social etc), 
dedicated to reduce the value of the 
retrospective risk to an acceptable level 
R.  


 g) Actual condition of the protection 
object (system) for which the values of 
all risks do not exceed the critical value.  
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Task 6. Choose the topic and express it by a key word and determinants. Write 3-4 
separate topic sentences about the topic.  Prompts: environment, fire, combustion, 
safety, health, statistics, terrorism. 


Choose topics from the field of your research!  
 


Unit 2. Topic Sentence Developing 
 


 
A bit of theory! Details. A detail is a particular part of characteristic of a whole 


thing or a whole idea. Details are frequently used in a description. 
 
Task 4. Analyze the paragraph below and the chart that follows.  
By nature chrysotile [krisotail] asbestos is a serpentine silicate mineral. Each 
chrysotile asbestos fiber is a long hollow tube. The diameters of the individual tube 
are 20 to 50 nm. The length-to-diameter ratio can vary from 20:1 to well over 
10,000:1. The chemical composition of chrysotile asbestos can be represented as  
Mg 3(Si 2O5) (OH)4 or 3MgO 2SiO2 H2O.  


  
Topic  
Chrysotile asbestos 
 


 Topic sentence 
By nature chrysotile 
[krisotail] asbestos is a 
serpentine silicate 
mineral. 
 


Details 
Diameter of 
Length-to-diameter ratio 
is … 
Chemical composition of  
… 


 
Task 5.  Analyze the paragraphs below and fill the charts. 
1. By the early stage of an accident, the International Commission on Radiological 
Protection (ICRP) means the period of time during which a radioactive cloud 
(release) is over a particular settlement.  This period may last from half an hour to 
several days. At this stage of the development of accident sources of exposure are as 
following: external exposure caused by radiations of radionuclide located in the 
tongue of an air release; by radiations of radionuclide fell out on the surface, and 
radioactive contamination of skin or clothes; internal exposure caused by inhalation 
of radioactive substances located in the air in a suspended state.  At this stage of the 
accident the following protective measures are  reckoned: sheltering the population in 
as much as possible hermetically sealed rooms, application of protective means for 
respiratory tract,  taking preparations of stable iodine (iodine prophylaxis), 
evacuation (as an extreme measure) and rendering  a highly skilled medical aid.  
 
 
Topic  
 


 
Topic Sentence 
 


 
Details 
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2. The magnitude and nature of the E 8 calculation invite comparison with the Human 
Genome Project. The human genome, which contains all the genetic information of a 
cell, is less than a gigabyte in size. The result of the E 8 calculation, which contains all 
the information about E 8 and its representations, is 60 gigabytes in size. This is 
enough to store 45 days of continuous music in MP3-format. If written out on paper, 
the answer would cover an area the size of Manhattan.   
 
 
Topic 


 
Topic Sentence 


 
Details 
 
 


 
3. Whereas environmental problems may aggravate security challenges, protective 
counter-measures, particularly when they are implemented cooperatively, may help to 
alleviate them.  Cooperation over the environment, including joint management of 
water resources and dialogue on transboundary hazards can help to reduce 
international tension. Environmental cooperation in relatively low-tension areas, such 
as the establishment of jointly managed conservation zones (for example “peace 
parks”) can also raise the level of trust between states or communities, thereby 
contributing to overall stability. Another important area of such cooperation within 
the security framework is the development of legal regimes and institutions for 
information sharing and early warning to anticipate accidents and promote dialogue.  
 
 
Topic 


 
Topic Sentence 


 
Details 
 
 


 
4. A computer virus is a computer program that can copy itself and infect a computer 
without permission or knowledge of the user. The original may modify the copies or 
the copies may modify themselves. A virus can spread from the computer to another 
by user’s sending it over a network or carrying it on a removable medium such as 
floppy disk, CD or USB drive. Additionally, viruses can spread to other computers by 
infecting files that are accessed by another computer. The word “virus” is derived 
from the biological equivalent and used nowadays in the same sense. The term 
“virus” with current usage appears in the comic book, published in 1982. Some 
viruses are programmed to damage the computer by damaging programs, deleting 
files, or reformatting hard disc. Others are not designed to do any damage, but simply 
replicate themselves and perhaps make their presence known by presenting text, 
video, or audio massages. Even these benign viruses can create problems for the 
computer user. They typically take up computer memory used by legitimate 
programs. As a result, they often cause unstable behavior and can result in system 
disturbance. 
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Topic 


 
Topic Sentence 


 
Details 
 
 


  
A bit of theory! Facts and Statistics. One of the biggest problems in student 


writing is that student writers often fail to prove their points. They fail because they 
do not support their points with concrete details. Their papers are too often full of 
generalizations without the factual details needed to support them. A successful 
paragraph contains concrete support for the topic sentence. Support your topic 
sentence by using specific and factual details. A fact is something that has actually 
happened or is happening; something known to be, or accepted as being.  Statistics 
are collected numbers representing facts or measurements.  


Facts are objective statements of truth. Example: At sea level, water boils at 
100 degrees Celsius.  Women live longer than men. Lung cancer among women is 
increasing. Opinions are subjective statements based on a person’s beliefs or 
attitudes.  Example: Men are better drivers than women. Engineering students do not 
need to take a lot of English courses. Americans are only superficially friendly. 
 
Task 6. Decide whether each of the following statements is a fact or an opinion.  
1. Smoking is relaxing and, therefore, enjoyable. 
2. Dr. Kathleen Parker, a well-known cancer specialist, recently admitted in an 
interview, “Although I see the harmful effects of smoking nearly every day in my 
work, I still enjoy relaxing with a cigarette after dinner.”  
3. Early in the next decade, more women than men will die of lung cancer, according 
to the American cancer Society. 
4. Smoking is attracting more and more adults. 
5. According to a recent New York Times article, cigarette smoking is increasing 
among adults in their forties as well as among the college educated and those earning 
more than $35,000 annually. 
6. Red-light runners must take a driver’s education class. Then they will become safer 
drivers. 
7. Red-light runners cause scores of accidents, including deaths and injuries as well 
as millions of dollars in damages. 
8. Nationwide, the number of red-light running accidents increased 18 percent from 
1991 through 1995.  In 1991,  2,425 deaths resulted, and in 1995, the number rose to 
2,866.  
 


 
Task 7. Find facts and statistics in the paragraphs. 
1. Water, oxide hydrogen - H2O, represents a stable chemical compound of hydrogen 
(11.19 %) with oxygen (88.81 %), and in the pure state is pallid fluid inodorous and 
tasteless  (in thick layers has a bluish shade). In the nature exists in 3 modular states: 
firm (ice), fluid (fluid) and in gaseous (vapor). It is known, that without nutrition the 
person can manage 50-60 days, and without water no more than 2-3 days. The body 
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of the person consists of water on two third, the compound of this water practically 
coincides with a compound of seawater.   
2. In the early hours of 26 April 1986 a violent explosion at the Chernobyl nuclear 
power plant, near the Ukrainian-Belarusian border, destroyed the reactor and started a 
large fire that lasted 10 days. During the explosion and the fire a huge amount of 
radioactivity was released into the environment, spreading over hundreds of 
kilometers into Belarus, Ukraine and beyond. Chernobyl affected one-fifth of Belarus 
territory and a quarter of its population. In the early 1990s as much as 20 % of the 
national budget was spent on remediation efforts, which would result in economic 
meltdown even in a stable, healthy economy.  
3. Tsunami inundations (in translation with Japanese « in harbor ») are formed with 
long waves produced by a submarine earthquakes or volcanic eruptions in seas and 
oceans. The wave velocity reaches 800-1000 km for hour with 100-150 km length, 1-
2 meters height. However at land wash on a shore the wave height reaches 10-15 
meters and all sweeps away on the path. Most frequently (more than 80 %) the 
tsunamis occur in water area of the Pacific Ocean though occasionally meet in other 
places (the Atlantic and Indian oceans, Mediterranean Sea and others). The most 
catastrophic inundation caused by a tsunami in the terrain of the USSR took place in 
1952 in area of Severo-Kurilsk town, when during half-hour on town it was rolled 
three waves; two from them have exceeded 10 meters! The most part of the 
population of town was lost, and residential and industrial buildings are washed off.  
 
Task 8. Write a paragraph on one of these topics; give limitation, details, facts, 
statistics. 
1) Emissions to air during combustion.   2) GPS system.  3) Flood protection.  4) Fire 
behavior in different conditions.   
Find topics to your taste! 
 
 
 
Unit 3.  Developing and Clarifying Topic Sentence 
 


A bit of theory! When you write a paragraph you make your topic sentence 
more exact, clarify it, and give facts and statistics, so you make topic sentence 
development or limitation.   


While developing the topic sentence you can indicate:  place, time, quality, 
effect, cause, and manner. To determine the category of developing it is necessary to 
make question to the phrase. Example: The International project group ALBRUS, a 
team of scientists and fire safety engineers, has been cooperating with German 
experts in the field of fire statistics for a long time. – What field does the ALBRUS 
cooperate with German experts in? Category of limitation is a sphere of activity 
(place).   


 
When you are going to give examples, use signal words or phrases 
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Signal words and phrases Examples 
Noun example, illustration A good example of most 


important fungal pathogen 
of both willow and poplar 
is Metampsora rust.   


Verb, verb phrases can be illustrated by  The first kind of chaos in 
education can be 
illustrated by several good 
examples.  


Sentence connector 
(вводное слово,  не 
является членом 
предложения) 


for instance, for example 
  


For example, removal of 
30 % of leaves had little 
effect on yield.  


Phrase signals 
(местоимение,  
является членом 
предложения) 


like as, such as While the main reason for 
growing SRC is to achieve 
financial return, other 
benefits such as increased 
biodiversity, use as a 
shelter or screen or as game 
cover may influence the 
timing and pattern of 
harvesting.  


 
 Task 1 Fill the blanks with signal words and phrases.  


1) …. of symmetric three-dimensional objects are balls, cylinders, spheres, cones.  
2) The access of corticosteroids to the brain receptors is determined by a 
variety of factors, ….  corticosteroid-binding, globulin, steroid-metabolizing 
enzymes, and the mdr1Ap-glycoprotein.  3) For commercial planting of willow 
it is standard practice to use machines …. The Salix Maskiner “Step Planter”. 
4) Environmental risk resulting from the implementation of remedial actions 
may also extend to possible impacts on natural resources … as surface water, 
groundwater, air, geological, resources or biological resources. 5) It is also 
important to draw a distinction between those radioelements that occur 
naturally and those that do not … as technetium, and the transuranics.  


Task 2 Find your own exemplifications.   
 


Task 2. Make questions and match the topic sentences and the categories of 
limitation.  Categories: a) time b) quality c) consequence d) cause f) mode of action 
g) place h) purpose.  
 
Topic sentence Question Category 
The new and significantly 
more complex group of 
dangers emerged at the 
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end of the 18th - beginning 
of the 19th century, when 
the first industrial 
revolution started.    
In 2003, total air 
emissions amounted to 
1 327 000 tons. 


  


Our forests are dying 
from acid rains.   


  


Radiation can be 
produced artificially, as 
medical x-rays or from 
microwaves.  


  


Radiation is used in 
medicine,  industry, 
agriculture, space 
exploration, geology.   


  


In couple of centuries 
with growing population 
throwing out trash from 
windows resulted into 
waste crises.  


  


Counter-terrorism (also 
spelled counterterrorism) 
refers to the practices, 
techniques, and strategies 
that governments, 
militaries, police 
departments and 
corporations adopt in 
response to terrorists 
threats and/or acts, both 
real and imputed.  


  


Special units are designed 
to handle terrorist  threats. 


  


 
 


A bit of theory! Details. A detail is a particular part of characteristic of a whole 
thing or a whole idea. Details are frequently used in a description 


 
Task 3 Analyze the paragraph below filling in the blanks in the chart that follows.  
 
Border Biofules Ltd has developed a “lay flat” planting system. The lay flat 
system plants twin rows of 2 or 3 m long rods lying horizontally, end to end, just 
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under the soil surface. Shoots and roots develop from the buried rod. The 
frequency of shoots appearing along the rod cannot be controlled but the distance 
between the twin rows can. Initial trials using willow planting material have been 
established. The lay flat principle is also being tested with poplar planting 
material.  
  


Topic Sentence 
Border Biofuels have 
developed a “lay flat” 
planting system. 


Details 
Lengths of … 
Manner of … 
Frequency … 
Distance … 


 
Task 4 Analyze the paragraphs below and fill the charts 
 
1. By the early stage of an accident, the International Commission on Radiological 
Protection (ICRP) means the period of time during which a radioactive cloud 
(release) is over a particular settlement.  This period may last from half an hour to 
several days. At this stage of the development of accident sources of exposure are 
as following: external exposure caused by radiations of radionuclide located in the 
tongue of an air release; by radiations of radionuclide fell out on the surface, and 
radioactive contamination of skin or clothes; internal exposure caused by 
inhalation of radioactive substances located in the air in a suspended state.  At this 
stage of the accident the following protective measures are  reckoned: sheltering 
the population in as much as possible hermetically sealed rooms, application of 
protective means for respiratory tract,  taking preparations of stable iodine (iodine 
prophylaxis), evacuation (as an extreme measure) and rendering  a highly skilled 
medical aid.  
 


Topic Sentence 
 


Details 
 
 


 
2. The magnitude and nature of the E 8 calculation invite comparison with the Human 
Genome Project. The human genome, which contains all the genetic information of a 
cell, is less than a gigabyte in size. The result of the E 8 calculation, which contains all 
the information about E 8 and its representations, is 60 gigabytes in size. This is 
enough to store 45 days of continuous music in MP3-format. If written out on paper, 
the answer would cover an area the size of Manhattan.   
 
Topic Sentence 
 


Details 
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3. Whereas environmental problems may aggravate security challenges, protective 
counter-measures, particularly when they are implemented cooperatively, may help to 
alleviate them.  Cooperation over the environment, including joint management of 
water resources and dialogue on transboundary hazards can help to reduce 
international tension. Environmental cooperation in relatively low-tension areas, such 
as the establishment of jointly managed conservation zones (for example “peace 
parks”) can also raise the level of trust between states or communities, thereby 
contributing to overall stability. Another important area of such cooperation within 
the security framework is the development of legal regimes and institutions for 
information sharing and early warning to anticipate accidents and promote dialogue.  
 
Topic Sentence 
 


Details 
 
 


 
4. Thirty years ago McEwen and co-workers demonstrated that a [3 H] corticosterone 
tracer administrated to adrenalectomized (ADX) rats is retained in high amounts in 
the hippocampus several hours later. Autoradiography showed abundant [3 H] 
corticosterone-labeled cell nuclei in the dentate gyrus and pyramidal cells of the 
hippocampus as well as in other regions of the limbic forebrain, e.g., lateral septum 
and amigdala. This retention pattern in limbic brain has subsequently been found in 
widely divergent species such as birds, dogs, and monkeys that secrete corticosterone 
(birds, rodents) or cortisol (dogs, primates) as the naturally occurring glucocorticoid.  
This suggests that the retention of corticosteroids, particularly in the hippocampus, is 
a trait that is conserved in evolution.  
 
Topic Sentence 
 


Details 
 
 


 
 
Task 5 Write a paragraph describing in detail one of these topics 
1) Greenhouse effect   2) Renewable energy resources 3) The scientists’ 
responsibility 4) The diminishing of natural resources 5) The multiplication of wastes 
6) Genius and psychosis 7) Language and culture  
 
Facts and Statistics 
A fact is something that has actually happened or is happening; something known to 
be, or accepted as being.  Statistics are collected numbers representing facts or 
measurements.  
Task 1 Find facts and statistics in the paragraphs 
1. The early studies with tracer amounts of corticosterone had, in fact, identified 
mineralocorticoid rexeptors (MRs) rather than glucocorticoid receptors (GRs) in 
hippocampus since the tracer dose of corticosterone was too low to detect GR. This 
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becomes apparent when binding properties of MRs and GRs were studied in cytosol, 
using selective GR ligands.   
2. The legacy of the Chernobyl disaster - almost synonymous for the outside world 
with environmental problems in Eastern Europe – epitomizes the difficulties in 
dealing with all these problems at the same time. In the early hours of 26 April 1986 
a violent explosion at the Chernobyl nuclear power plant, near the Ukrainian-
Belarusian border, destroyed the reactor and started a large fire that lasted 10 days. 
During the explosion and the fire a huge amount of radioactivity was released into the 
environment, spreading over hundreds of kilometers into Belarus, Ukraine and 
beyond. Chernobyl affected one-fifth of Belarus territory and a quarter of its 
population. In the early 1990s as much as 20 % of the national budget was spent ion 
remediation efforts, which would result in economic meltdown even in a stable, 
healthy economy.  
3. Planting densities have increased over the last decade. This move is supported by 
research carried out by Armstrong and Johns (1997) who found that the first harvest 
yield increased as planting densities increased from approximately 4500 stools per 
hectare up to 15 625 per hectare. This trend was repeated in the other willow variety 
and both poplar varieties tested.  More recent work investigating the effect of harvest 
frequency and planting densities (from 8625 to 111 000 stools ha-1 ) on yield suggests 
that a figure of 15 625 stools ha-1 offers the best economic return over the lifetime of 
the crop.  
 
Task 6 Give comments on the following table. Identify the topic.   
 
 
In Britain, % of people  
 
read a newspaper every day 70 go to the cinema every 


weekend 
10 


smoke 25 have a pet 45 
watch TV every night 90 live in a house with a garden 60 
  
Prompts: 
a)  Survey about British people; b) typically British; c) The way British people live.  
 
Task 7 Give statistics for typical Belarusian family. Write a paragraph about the way 
Belarusian people live.  
 


Unit  4 . Paragraph Unity and Paragraph Coherence 
 


A bit of theory! Unity is an important element of a good paragraph. It means 
that only one main idea is discussed. For example, if your paragraph is about the 
advantages of owning a compact car, discuss only that. Do not discuss the 
disadvantages. Furthermore it is a good idea to discuss only one advantage, such as 
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gas economy, in each paragraph. If you begin to discuss another advantage, start a 
new paragraph. Sometimes it is possible to discuss two or three aspects of the same 
idea in paragraph if they are closely related to each other. For example, you can 
discuss gas economy and low maintenance costs in one paragraph because they are 
closely related, but you shouldn’t discuss both gas economy and easier parking in one 
paragraph. The second part of unity is that every sentence must explain or prove the 
main idea that is stated in the topic sentence. Do not include any information that 
does not directly support the topic sentence. The sentences that are «off the topic» are 
called irrelevant sentences.  
 
Task 1. Study the three paragraphs. All of them discuss the same topic. Which 
paragraph has unity? Which paragraph discusses more than one topic? Which 
paragraph has irrelevant sentences? What are they? 
Paragraph 1  
The HIV/AIDS epidemic is still growing explosively in most parts of the world. In 
Central and Eastern Europe, HIV is spreading rapidly in countries that had almost no 
cases a few years ago. In China, there were an estimated 10,000 HIV-infected 
persons at the end of 1993, and this total grew ten-fold, to 100,000, by the end of 
1995. In the countries of sub-Saharan Africa, the HIV/AIDS epidemic rages on. In 
Kenya, Malawi, Rwanda, Uganda, Zambia, and Zimbabwe, 10 percent of the women 
visiting postnatal clinics in urban areas are infected with HIV, and in some areas, the 
rate is 40 percent. Mothers can give the HIV virus to their children during pregnancy 
and childbirth or when breast-feeding. The virus is also transmitted through blood 
and blood products. For example, drug users who share needles may become 
infected. The main method of transmission is, of course, unprotected sex, which 
accounts for 75 to 85 percent of infection. 
 
Paragraph 2  
The HIV/AIDS epidemic is still growing explosively in most parts of the world. In 
Central and Eastern Europe, HIV is spreading rapidly in countries that had almost no 
cases a few years ago. In China, there were an estimated 10,000 HIV-infected 
persons at the end of 1993, and this total grew ten-fold, to 100,000, by the end of 
1995. In the countries of sub-Saharan Africa, the HIV/AIDS epidemic rages on. In 
Kenya, Malawi, Rwanda, Uganda, Zambia, and Zimbabwe, 10 percent of the women 
visiting postnatal clinics in urban areas are infected with HIV, and in some areas, the 
rate is 40 percent. Around the world, HIV infection rates are sky-rocketing among 
sex-workers. In Nairobi, Kenya, 80 percent of sex workers are infected, and in 
Vietnam, the rate of infection climbed from 9 percent to 38 percent between 1992 and 
1995. These statistics illustrate with frightening clarity that HIV/AIDS is still a major 
health problem in most areas of the world. 
 
 
Paragraph 3  
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The HIV/AIDS epidemic is still growing explosively in most parts of the world. In 
Central and Eastern Europe, HIV is spreading rapidly in countries that had almost no 
cases a few years ago. In China, there were an estimated 10,000 HIV-infected 
persons at the end of 1993, and this total grew ten-fold, to 100,000, by the end of 
1995. There is evidence that in the United States, the United Kingdom, Australia, and 
New Zealand, HIV infection rates are declining, at least among males. This is a result 
of a combination of prevention methods. In the countries of sub-Saharan Africa, the 
HIV/AIDS epidemic rages on. In Kenya, Malawi, Rwanda, Uganda, Zambia, and 
Zimbabwe, 10 percent of the women visiting postnatal clinics in urban areas are 
infected with HIV, and in some areas, the rate is 40 percent. Although there is no cure 
for HIV/AIDS, new medicines are available that prolong the lives of people with 
HIV. 
 
Task 2. The following short essay has not been divided into paragraphs, but it should 
contain six. Read the essay and decide where each paragraph should begin. 
Culture, Logic, and Rhetoric 
 Logic, which is the basis of rhetoric, comes from culture; it is not universal. 
Rhetoric, therefore, is not universal either but varies from culture to culture. The 
rhetorical system of one language is neither better nor worse that the rhetorical 
system of another language, but it is different. English logic and English rhetoric, 
which are based on Anglo-European cultural patterns, are linear – that is, a good 
English paragraph begins with a general statement of its content and then carefully 
develops that statement with a series of specific illustrations. A good English 
paragraph may also use just the reverse sequence: it may state a whole series of 
examples and then summarize those examples in a single statement at the end of the 
paragraph. In either case, however, the flow of ideas occurs in a straight line from the 
opening sentence to the last sentence. There is nothing that does not belong to the 
paragraph and nothing that does not support the topic sentence. A type of 
construction found in Arabic and Persian writing is very different. Whereas English 
writers use a linear sequence, Arabic and Persian writers tend to construct a 
paragraph in a parallel sequence using many coordinators such as and and but. In 
English, maturity of style is often judged by the degree of subordination rather that by 
the degree of coordination. Therefore, the Arabic and Persian styles of writing, with 
their emphasis on coordination, seem awkward and immature to an English reader. 
Some Asian writers, on the other hand, use an indirect approach. In this kind of 
writing, the topic is viewed form a variety of angles. The topic is never analysed 
directly; it is referred to only indirectly. Again, such a development in an English 
paragraph is awkward and unnecessarily vague to an English reader. Spanish rhetoric 
differs from English rhetoric in still another way. While the rules of English rhetoric 
require that every sentence in a paragraph relate directly to the central idea, a 
Spanish-speaking writer loves to fill a paragraph with interesting digressions. 
Although a Spanish paragraph may begin and end on the same topic, the writer often 
digresses into areas that are not directly related to the topic. Spanish rhetoric, 
therefore, does not follow the English rule of paragraph unity. In summery, a student 
who has mastered the grammar of English may still write the poor papers unless 
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he/she has also mastered the rhetoric of English. Also, the student may have difficulty 
reading an essay written by the rules of English rhetoric unless he/she understands the 
‘logical’ differences from those of his/her own native tongue. 
 
Task 3. Decide where the paragraph should be divided into two or more paragraphs. 
Find the irrelevant sentences and cross them out.  Formulate the title. 
 
 Because the Internet makes the world a smaller place, the value of having a 
common language is greatly increased. The question is – which language? Because 
the Internet grew up in the United States, the largest percentage of its content is now 
in English. Bill Gates, Microsoft’s president, believes the English will remain 
valuable for a long time as a common language for international communication. His 
company spends $200 million a year translating software into other languages. He 
says, “Unless you read English passably well, you miss out on some of the Internet 
experience.” Someday, software may be available to instantly translate both written 
and spoken language so well that the need for any common language could decline. 
That day is decades away, however, because flawless machine translation is a very 
tough problem.  It is useful if all you are trying to do is to understand the general idea 
of something you see on your computer screen. However, if you are trying to 
negotiate a contract or discuss a scientific subject where details are important, 
machine translation is totally useless. Computer spelling checkers also exist for 
various languages. 
  


A bit of theory!   Paragraph coherence [kə(u)’hiər(ə)nts]   Coherent 
[kə(u)’hiər(ə)nt]  (speech, thoughts, ideas) means naturally or reasonably connected; 
easily understood. Cohesion [kə(u)’hi:жn]    is the act of sticking together tightly. So, 
a well written paragraph should be coherent. There are several kinds of devices to 
achieve coherence: sentence adverbials, pronouns, articles, demonstrative adjectives, 
synonyms, derivatives, equivalent expressions.  
Sentence Adverbials 
 Sentence adverbial are devices, which organize ideas and help the reader to follow 
the logic of the text.  Sentence adverb (or adverbial phrase) can connect  
- a sentence with another sentence. E.g. Short rotation coppice (SRC) can provide a 
renewable energy source that produce a very low net CO2 emission and low levels of 
nitrogen and sulphur pollutants.  In addition to these benefits, SRC crops require a 
reduced chemical input when compared to conventional arable crops.    
- a sentence with the whole text. E.g.  The drive towards energy security and away 
from acute energy dependence can have positive and negative environmental effects, 
depending on the choice of resources, solution and energy technology. In summary, 
integrating environmental consideration into sectoral policies, such as security, 
defence, energy and foreign affairs, increases scope for security concerns and 
improves the climate of intersectoral policy-making.  
  







 19 


A comma follows sentence adverbial appearing at the beginning of a sentence. E.g.  
Since Selye’s report, the mineralocorticoid hormone (aldosterone) has rarely been 
connected with the stress response.  


  
Categories of Sentence Adverbials 
 
TIME 
after that 
afterwards 
as yet 
at first 
at last 
at once 
at present 
at the moment 
at the same time 
before that 
 beforehand 
by that time 
 


earlier 
eventually 
ever since (then) 
finally 
first* 
from then on 
hitherto 
immediately 
in the end 
in the meantime 
lastly 
later on 
 


meanwhile 
next* 
now* 
previously 
simultaneously 
since then 
so far 
soon 
subsequently 
then* 
until then 
within minutes / days 


Note: * when these adverbials are used in initial position, they are not followed by a comma 
 
ORDERING POINTS; ADDING INFORMATION 
above all 
additionally 
again 
also 
as we shall see later 
as well 
as well as that  


besides 
first (ly), second (ly) 
first of all 
finally 
for one / other thing 
furthermore 
in addition 


in the first place 
last(ly0 
more (most) importantly 
moreover 
next 
on top of that 
what is more 
 


 
CAUSE AND EFFECT; REASON AND RESULT; INFERENCE 
accordingly 
as a result 
because of this 


consequently 
for this / that reason 
hence* 


if so 
in that case 
otherwise 
so* 
that is why* 
then* 


 
 
CONCLUDING, SUMMARIZING; GENERALIZING 
all in all* 
altogether 
as a rule 
basically 
broadly speaking 
by and large 
essentially 
generally 
in brief 


in conclusion 
in general 
in other words 
in short 
mostly 
on average 
on balance 
on the whole 


overall 
so* 
then 
to some extent 
to sum up 
ultimately 
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GIVING EXAMPLES; FOCUSING 
among others 
foe example 
for instance 


in particular 
mainly 
particularly 


primarily 
principally 
specifically 
thus 


 
REFORMULATING; CLARIFYING 
actually 
al least 
I mean 


indeed 
in fact 
in other words 


rather/ or rather 
that is ( to say) 
to put in another way 


 
CHANGING SUBJECT; REFERRING TO SUBJECT 
anyhow 
anyway 
as far as … is concerned 
as for… as to 
as regards 
at any rate 
 


by the way 
incidentally 
now for 
regarding 
speaking of 
 


talking about 
that brings me to… 
that reminds me… 
to turn to…  
with reference to 


 
COMPARING, CONTRASTING; ALTERNATIVES, CONCESSIONS 
admittedly 
all the same 
alternatively 
and yet* 
at the same time 
but* 
by comparison 
by contrast 
by the same token 
conversely 
despite this 


equally 
even so 
however 
in comparison with 
in spite of this 
in the same way 
instead 
likewise 
nevertheless 
nonetheless 
of course 


on the contrary 
on (the) one hand 
on the other hand 
or* 
similarly 
still 
then again 
though 
true 
yet* 
whereas 


 
Grammatical Devices 
Grammatical devices for the cohesion are pronouns, demonstrative adjective and 
article. Observe the following examples. 
1. A modern view of chaos theory was written by Gollub and Solomon. They wrote, 
“A chaotic system is defined as one that shows sensitivity to initial condition”.  
2. Every disturbance in the body, either real or imagined, evokes a stress response. 
Essential to the stress response are neurons in the paraventricular nucleus.  
3. The mapping of E 8 may well have unforeseen implications in mathematics and 
physics which won’t be evident for years to come. This is an exciting breakthrough.  
This project will be invaluable for future mathematicians and scientists.  
4. It is also important to draw a distinction between those radioelements that occur 
naturally and those that do not, such as technetium and the tsansuranics. In the case of 
the former, reference may be made to the known geochemistry of the element in a 
given environmental medium.  
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5. Results emerging from site/yield experiments with SRC varieties planted in both 
mixture and monoclonal plots have been variable. The experiments contain row-by-
row mixtures of three poplar or three willow varieties.  
6. After expanding eastwards over the last decade, the EU seems to be experiencing 
“enlargement fatigue”.  Its capacity to absorb additional members was compromised.  
7. Since the disintegration of the USSR various international bodies involving [art of 
post-Soviet states have been set up. The first of these, the Commonwealth of 
Independent States (CIS) was established in 1991.   
 
Lexical Devices  
Lexical coherence is achieved with the help of 
- Synonyms, antonyms (limited possibility in scientific papers). E. g.  Ideally, SRC 
should be grown on a medium textured soil, which is aerated but still holds a good 
supply of moisture. Results emerging from the site/yield project suggest that heavier 
brown earths with high clay content are well suited to SRC.   
- Derivatives. E.g. In the case of dispersed contamination, a rigorous assessment of 
the actual and potential pathways is required to determine the optimal action. Since 
the field is continuously developing, formal methods to assess the applicability and 
effectiveness of techniques have been developed.  
- Hyperonyms and hyponyms. E.g. The anticipated performance of a given 
technique can be simulated and compared with similar results from other techniques 
to facilitate the selection.  Both willow and poplar are very palatable to a range of 
mammals. Rabbits and hares, in particular, can cause serious damage soon after 
planting.   
- Equivalent expressions. E.g. While mathematicians have known for a long time 
about the beauty ant the uniqueness of E 8 , we physicists have come to appreciate its 
exceptional role only more recently.   
- Reiteration of the term. E.g.  Activation of intracellular corticosteroid receptors in 
neurons may induce a variety of cellular responses, influencing diverse processes 
such as cellular structure, energy metabolism, or signal transduction. Changes in 
cellular structure usually develop over the course of several days, whereas effects on 
energy metabolism or signal transduction may become apparent within hours.   
 
Task 1 Read the following paragraphs and find all devices of coherence. 
1.  Studies at the cellular level have supplied ample evidence that shifts in 
corticosteroid receptor occupation, such as occur after an acute stress or due to 
circadian variations in steroid level, exert a delayed and long-lasting control over 
excitability in limbic brain regions.   They do so in a context-dependent manner, i.e., 
when neurons are shifted from their basal condition through actions of 
neurotransmitters. The interdependency of steroid and   neurotransmitter action s fits 
very well with a molecular mechanism depending on protein-protein interactions 
rather than one acting via steroid receptor 21immers binding to a hormone-responsive 
element.    
2. As already pointed out, internal and external security challenges are closely linked.  
On the one hand, internal weaknesses increase vulnerability to external threats, and 
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on the other hand external pressure often shape economic and political reforms with 
their social, environmental and other security repercussions. Energy, among other 
issues, is at the core of both internal and external security challenges in the region.    
3. According to Brian Conrey, Executive Director of the American Institute of 
Mathematics, “ The E 8 calculation is notable for both its magnitude as well as the 
way it was achieved. The mapping of E 8 breaks the mold of mathematicians typically 
known for their solitary style. People will look back on this project as a significant 
landmark and because of this breakthrough; mathematics will now be viewed as a 
team sport”.  
4. While the main reason for growing SRC is to achieve a financial return, other 
benefits such as increased biodiversity, use as a shelter or screen or as a game cover 
may influence the timing and pattern of harvesting. This may lead to harvests having 
to be made outside the 2 to 4-year bracket mentioned above.  
5. The removal, transport and disposal of residual waste may result in environmental 
impacts and risks at locations other than those of the original contamination.  There 
is, for example, little benefit in removing a contaminant that is well fixed in a low 
volume of coil, only to produce a high volume of an aqueous waste with the 
contaminant in a soluble or mobile form. In addition, the remediation techniques 
chosen may generate large quantities of secondary waste and pose risks of exposure 
of the public or operators that exceed the risks of quiescent contamination.    
6. The good news about chaos is that it is natural. It is a key component of the 
universe. Chaos may cause uncertainty but it also creates the opportunities that create 
hope and change. Teachers need to prepare for chaos and accept uncertainty as a 
natural condition. Teachers cannot control the entire universe. However, they can 
make impacts on the small slice of the universe they reside in despite all the chaos 
evident in it.  
7. In general it might be only noted, that the intervention criteria applied in the 
republic are stricter, than international ones.  For instance, we would like to point out, 
that such intervention as resettlement is widely used in the republic when averted 
annual dose is above 1 mSv, while under the international norms permanent 
resettlement is envisaged only when averted dose rate is 30 mSv/ month, provided 
that these dose rates will de the same for 1-2 years. The same protective measure is 
envisaged when lifetime dose is 1 Sv and higher.  
 


 
 
 
 
 
 


 


 
 
Task 2 Insert a good adverbial according to the category given in brackets. 
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1. A robot can be adjusted to detect differences in frequencies, (consequence), it can 
“hear” definite kind of sounds. 2. (Cause) to the close cooperation with fire 
department and emergency organizations, Hanrath meets the demands of the 
professionals perfectly.  3. (Adding information), statistics and on the fire services are 
presented for 49 countries. 4.  (Cause), readers should use caution in interpreting 
these results. 5. (Ordering), it becomes obvious, which quotation is to be used as 
formula for the average damage of fire. 6.   (Consequences), the risk of damage   R 
total may be calculated as as follows. 7. (Conclusion) of this chapter, we would like to 
make the following statement.  


 
Task 3 Observe the use of the devices of coherence. Translate the phrases,  


1. A modern view of chaos theory was written by Gollub and Solomon. They wrote, 
“A chaotic system is defined as one that shows sensitivity to initial condition”.  
2. Every disturbance in the body, either real or imagined, evokes a stress response. 
Essential to the stress response are neurons.  
3. The mapping of E 8 may well have unforeseen implications in mathematics and 
physics which won’t be evident for years to come. This is an exciting breakthrough.  
This project will be invaluable for future mathematicians and scientists.  
4. It is also important to draw a distinction between those radioelements that occur 
naturally and those that do not, such as technetium and the transuranics. In the case of 
the former, reference may be made to the known geochemistry of the element in a 
given environmental medium.  
5. After expanding eastwards over the last decade, the EU seems to be experiencing 
“enlargement fatigue”.  Its capacity to absorb additional members was compromised.  
7. Since the disintegration of the USSR various international bodies involving part of 
post-Soviet states have been set up. The first of these, the Commonwealth of 
Independent States (CIS) was established in 1991.   
8. At the beginning, we provide the definition of the term “Fire”. This term differs 
from many other generally used definitions of the term “Fire” due to its logic and 
simplicity.  
 
Task 4. Read the following paragraphs and find all devices of coherence. 
1. As already pointed out, internal and external security challenges are closely linked.  
On the one hand, internal weaknesses increase vulnerability to external threats, and 
on the other hand external pressure often shape economic and political reforms with 
their social, environmental and other security repercussions. Energy, among other 
issues, is at the core of both internal and external security challenges in the region.    
3. According to Brian Conrey, Executive Director of the American Institute of 
Mathematics, “The E 8 calculation is notable for both its magnitude as well as the way 
it was achieved. The mapping of E 8 breaks the mold of mathematicians typically 
known for their solitary style. People will look back on this project as a significant 
landmark and because of this breakthrough; mathematics will now be viewed as a 
team sport”.  
4. These phenomena exactly reflect the term “Danger”. Therefore: “Danger” – is a 
phenomenon (physical, chemical, biological, economic, social or other one), whose 
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characteristic is to cause a damage to the society, the environment and any protection 
object.  
5. The removal, transport and disposal of residual waste may result in environmental 
impacts and risks at locations other than those of the original contamination.  There 
is, for example, little benefit in removing a contaminant that is well fixed in a low 
volume of coil, only to produce a high volume of an aqueous waste with the 
contaminant in a soluble or mobile form. In addition, the remediation techniques 
chosen may generate large quantities of secondary waste and pose risks of exposure 
of the public or operators that exceed the risks of quiescent contamination.    
6. The good news about chaos is that it is natural. It is a key component of the 
universe. Chaos may cause uncertainty but it also creates the opportunities that create 
hope and change. Teachers need to prepare for chaos and accept uncertainty as a 
natural condition. Teachers cannot control the entire universe. However, they can 
make impacts on the small slice of the universe they reside in despite all the chaos 
evident in it.  
7. In general it might be only noted, that the intervention criteria applied in the 
republic are stricter, than international ones.  For instance, we would like to point out, 
that such intervention as resettlement is widely used in the republic when averted 
annual dose is above 1 mSv, while under the international norms permanent 
resettlement is envisaged only when averted dose rate is 30 mSv/ month, provided 
that these dose rates will be the same for 1-2 years. The same protective measure is 
envisaged when lifetime dose is 1 Sv and higher.  
 


Unit 5. Quotations 
There are several kinds of concrete supporting details that you can use to 


support or prove your topic sentence. Among the most common are quotations, 
paraphrasing, summaries.  Using quotations and writing paraphrasing and 
summaries of information from outside sources are important tools in academic 
writing. To write your research papers, you must find information about your topic in 
books, periodicals, encyclopedias, and similar sources. It is important to learn how to 
use information from outside sources without committing plagiarism.  


A bit of theory! Quotations. There are two types of quotations: direct and 
indirect. In a direct quotation, another person’s exact words are repeated and are 
enclosed in quotation marks.  Example: At the beginning of the 20th century, the 
academic scientist V.I.Vernadskij already mentioned: “…the human being, his brain 
becomes global, reaches geological power, which will change the face of the 
earth…”. 
Reporting Verbs and Phrases are as follows 
 
according to insist report write 
claim maintain say suggest 
declare mention state  


 
A bit of theory! Here are some rules for the use of reporting verbs and phrases: 
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1. Reporting verbs can appear before, in the middle of, or after a quotation. 
Dr. Boston said, “It sounds like nature’s own apocalypse”.  “It sounds”, Dr. Doston 
stated,”like nature’s own apocalypse.” “It sounds like nature’s own apocalypse,” 
declared Dr. Boston. 
 
2. Reporting verbs can be used with or without the subordinator as. 
As the head of the International Olympic Committee’s medical commission, Prince 
Alexandre de Merode of Belgium suggested, “As many as 10% of all Olympic 
athletes are regular users of performance-enhancing drugs.” or The head of the 
International Olympic Committee’s medical commission, Prince Alexandre de 
Merode of Belgium suggested, “As many as 10% of all Olympic athletes are regular 
users of performance-enhancing drugs.” 


 
3. Reporting verbs may be in any tense. 
As Dutch physician Michel Karsten stated, “There may be some sportsmen who can 
win gold medals without taking drugs but there are very few.” 
Dutch physician Michel Karsten states, “There may be some sportsmen who can win 
gold medals without taking drugs but there are very few.” 
Dutch physician Michel Karsten has stated, “There may be some sportsmen who can 
win gold medals without taking drugs but there are very few.” 
 
4. The reporting phrase according to can be used in place of a reporting verb. Use 


quotation marks if you are quoting someone’s words exactly. 
According to Dutch physician Michel Karsten,”There may be some sportsmen who 
can win gold medals without taking drugs but there are very few.” 
 


A bit of theory! In indirect quotations, the speaker’s (or writer’s) words are 
reported indirectly. Indirect quotations are introduced by the same reporting verbs. 
The tense of verbs in indirect quotations is affected by the tense of the reporting verb. 
To change a direct quotation to an indirect quotation: 
1) Omit the quotation marks. 
2) Add the subordinator that (You may omit that if the meaning is clear.) 
3) Change the verb tense if necessary. Follow the sequence of tenses rules. 
4) Change pronouns if necessary. 


 
Note! Good writers use both direct and indirect quotations.  


 
Task 1. Read the model paragraph and find one indirect quotation. Does it follow the 
sequence of tenses rule? Change all of the direct quotations in the paragraph into 
indirect quotations. 
Drugs and the Olympic Games 
 It is no secret that performance-enhancing drugs have been used by Olympic 
athletes for decades. In 1993, the head of the International Olympic Committee’s 
medical commission, Prince Alexandre de Merode of Belgium, stated, “I believe that 
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as many as 10% of all Olympic athletes are regular users of performance-enhancing 
drugs” (qtd. in Bamberger and Yager 63). Despite rigorous drug testing of Olympic 
athletes, the use of banned performance-enhancing substances has become more 
widespread than ever. It is clear that if athletes want to win, they must consider using 
drugs. In a 1997 article in Sports Illustrated magazine, Dutch physician Michel 
Karsten is quoted as saying, “there may be some sportsmen who can win gold medals 
without taking drugs but there are very few.” According to Dr.Karsten, who says he 
has prescribed anabolic steroids to hundreds of world-class athletes over the last 
twenty-five years,” If you are specially gifted, you may win once, but from my 
experience you cannot continue to win without drugs. The field is just too filled with 
drug users.” (qtd. in Bamberger and Yager 62). 


 
Task 2. Write a short paragraph that develops the topic you are given below. Use the 
quotations for support. You may use them either as direct or indirect quotations. 
Include some additional supporting sentences and grammatical devices to connect the 
ideas and make your paragraph flow smoothly. 


1) Topic                       Computer Crimes 
 Topic sentence The increased use of computers in business has been 


accompanied by a costly increase in computer crime.  
Fact/Opinion  Computer criminals cost business a lot of money. 
Quotation “The financial losses to business from computer thefts will 


exceed $15 billion in 1998.”  
Fact/Opinion Computer criminals steal not only money but also 


information. 
Quotation “It’s not just the money they steal; they steal data, and data 


is power.” 
Source A book by Meredith Bruce, Cybercrime, page 185 
 
2) Topic                       Computer against Human Brain 
Topic sentence  Computer cannot be compared to human brains. 
Fact/Opinion The human brain is more powerful than any computer.      
Quotation “It has been estimated that the information processing 


capacity of even the most powerful supercomputer is equal 
to the nervous system of a snail – a tiny fraction of the 
power available to the supercomputer inside the human 
skull.” 


Fact/Opinion The kinds of processing are different, too. 
Quotation “Computers find it easy to remember a 25-digit number but 


find it hard to summarize the gist of [children’s story] 
“Little Red Riding Hood,” and humans find it hard to 
remember the number but easy to summarize the story.” 


Fact/Opinion Human brains also have the advantage of being inside 
humans. 
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Quotation “They [human brains] can soak up terabytes of information 
over the years as the human interact with other humans and 
with the environment.” 


Source  An article by Steven Pinker in U.S. News and World 
Report, August 18-25, 1997, page 64. 


 
                Task 3. Write a short paragraph that develops the topic you have chosen as the topic 


of your research. Add all the supporting details you can, such as examples, statistics, 
direct and indirect quotations. Don’t forget to mention the source of the quotations. 


 


Unit  5. Scientific Paper 
A bit of theory! A scientific paper from foreign journals and proceedings   is 


the main source of foreign scientific and technical information. The scientific paper 
has a definite standard structure including: Abstract (аннотация), Notation 
(принятые обозначения), Introduction (введение), Summary or Conclusion 
(выводы или заключение), Acknowledgments (благодарности), Reference (список 
использованной литературы).   Lexical and grammar particularities of a scientific 
article are: 


  abundance of Greek and Latin radicals 
   use of symbols 
  abundance of specific terms 
  use of abbreviations and acronyms  
  frequency of passive constructions 
  abundant usage of adverbials making the paragraph coherent  
  scientific synonyms instead of everyday words.  
 


  scientific                everyday scientific  everyday                  
aggregate total obtain get 
approximately about progress advance 
attempt try proportion part 
commence begin remainder rest 
complete finish reply answer 
contemplate think request ask 
emerge come out of research study 
endeavor try seek try 
establish start sufficient enough 
forecast predict terminate end 
mobile movable utilize use 
 
 A scientific paper consists of the following structural elements: 


1. Title of the scientific paper  
2. Name of the author, author’s affiliation, editorial footnote (авторская сноска, 


редакционная сноска) 


Отформатировано:
английский (США)
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3. Abstract (аннотация) 
4. Key-words (ключевые слова) 
5. Notation (принятые обозначения) 
6. Introduction  (введение) 
7. Body (основная часть) 
8. Conclusion, summary (выводы, заключение) 
9. Acknowledgments  (благодарности) 
10. Appendix (приложение) 
11. References (литература) 
 


The title of the scientific paper gives its topic. As a rule, the title is expressed by 
a noun, a noun with determinants, by a prepositional group.  Example:  International 
Fire Safety Standards. Sublethal Effects of Fire Smoke.  A Nuclear Power Plant: to 
build or not to build? The title can express the topic of the paper.  


 The name of the author, author’s affiliation, editorial footnote. Besides of the 
author’s name there is given some supplementary information about the author 
(Author’s affiliations) such as place of work, residence. Example:  Robert F. Miller 
and George P. Stengel, Princeton  University, N.J.  There are some typical word 
combinations used in footnotes: 


 
Received получена редакцией журнала 
Presented as paper … at the 
conference… 


По материалам научной 
статьи…представленной на 
конференции… 


Revision received Пересмотренный и исправленный 
автором экземпляр 


Copyright©… . All rights reserved.  Авторское право в полном объеме 
принадлежит…  


Index categories Тематический индекс, ключевые 
слова 


 
There can be indicated the position of the author. 
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 Abstract.  The abstract is a brief but comprehensive presentation of a scientific 
paper which can be understood by maximum of readers.  The abstract has to give to 
the reader the possibility to decide if it is worth to read this paper. The abstract is 
printed in bold / italic, sometimes, lower case print.  


Task 1. Observe the abstracts of some papers. Translate it.  Give the keywords. 
Abstract 1 


Investigation has been made in the total evacuation of high profile 
infrastructures like airport terminal, super-high-rise building, racecourse and tunnels. 
With the recent advancement of computer technologies, a number of evacuation 
modeling techniques has been developed to visualize the evacuation pattern and 
optimize the evacuation provisions. Computer simulations enable the integration of 
individual human factors like age, gender, percentage of crowd, mobility impairment, 
walking speed and patience level into evacuation model. Other behavioral factors like 
shortest distance, quickest time, adjacent movement and personal space can also be 
computed. The simulation results can be more realistic and reliable then the 
traditional hand calculations or code compliance design which cannot consider the 
actual performance and human factors. The simulation results can be used to 
characterize the efficiency of total evacuation and to maximize the life safety 
protection, which is a major concern by general public and authorities for high-profile 
infrastructures. 
 
Abstract 2 


A supplemental investigation of asbestos fibers was conducted in Castro Valley, 
California, to characterize asbestos fibers in urban storm water and source are soils 
and to estimate the fate and movement of asbestos fibers in the urban area. The study 
concluded that large numbers of short asbestos fibers can be found throughout an 
urban area that does not contain any appreciable natural asbestos sources. However, 
the monitored asbestos fiber abundance varied appreciably for different local sources 
areas and urban area yields were greater than adjacent rural area yields, indicating 
significant local urban asbestos sources.  
 
Task  2. Find all verb forms from task 1, write them out.  
 
Task 3. Memorize the following constructions usually used in abstracts. 
 
….is / are  discussed обсуждается 
….is/ are  formulated формулируется 
…. is / are summarized обобщается 
The results of… are presented Представлены результаты… 
It is shown that…. Показано, что… 
A theoretical dependence of … vs … is 
formulated 


Формулируется теоретическая 
зависимость … от ….  


Recommendations for … are presented. Приводятся рекомендации по… 
Conclusions regarding … are made. Делаются выводы о том, что… 
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The role of… is discussed. Рассматривается роль… 
The possibility of… is considered. Рассматривается возможность… 
Subject matter related to …is 
considered.  


Обсуждаются  вопросы, относящиеся 
к… 


The current research program for … is 
outlined. 


Приводится обзор проводимых в 
настоящее время исследований по… 


Special attention is given to … Особое внимание уделяется … 
  
Task 4. Find abstracts related to the topic of your research.  Analyze its structure, 
translate them.  
 


 Key-words. These are several nouns or groups of nouns which represent the 
main ideas of the paper.  
 
Task 5.  Observe the key – words of some papers. Guess what their subject is.   
1) fire - fire research - smoke - toxicity - toxic hazard - fire hazard - fire risk 
2) evacuation models - evacuation processes - fire safety engineering 
3) expert system – artificial intelligence – language  programs. 
  
Task 6. Find keywords of the papers concerning your research project 
 


 Notation.  In this part the decoding of symbols or abbreviations used in the 
paper is given. 
 
Task 7. Observe different kinds of notations, comment on them 
1) Y – year 
2) P  [1.000.000] – population in min. 
3) F [1.000] – fires in thous. 
4) D [1.000] – fire deaths in thous.  
5) ARE – Area 
6) DEN – population density 
7) LEF – life expectancy  
8) AVE – average ages  
9) FIR – fires 
10) R1 [F /  103 P] – the risk for a person to be affected by a fire during one year.  
 
Task 8. Find symbols and abbreviations used in papers concerning your research, 
decode then, comment on them.  
 


Introduction. The introduction describes the achieved level of studies on 
definite subject, presentation of the problem, justification of methods, ways. They can 
mention the names of famous specialists in the field, make references to previous 
researches.  The introductory paragraph consists of two parts: a few general 
statements about your subject and a few statements about the specific subdivisions of 
your topic and/or the “plan” of your paper. The first sentence in an introductory 
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paragraph should be a very general comment about the subject. Then you list the 
major subtopics that will be discussed in the body of the essay. Furthermore, you 
indicate the method of organization of your paper, such as chronological order or 
order of importance. You can start you paper with following structures. 


 
One aim of this paper is to show… Одна из целей данной статьи 


заключается в том, чтобы показать… 
The prime purpose of the present paper 
is to investigate… 


Основная цель данной статьи – это 
исследовать… 


The scope of the present effort 
includes… 


Тематика данной исследовательской 
работы включает… 


The present research project is carried 
out…  


Настоящий проект выполняется…  


A continual need exists for… Существует постоянная потребность 
в…. 


The literature that would tackle the 
problem of… is nonexistent.  


Литературы, в которой 
рассматривалась бы эта проблема, не 
существует.   


We concur with X and Z … that Мы согласны с Х и Z, что… 
In sections which follow,  the modern 
treatments  for… will be described  


В последующих разделах будут 
описаны современные представления  
о… 


The paper is devoted to the general 
aspects of risk management for all types 
of fires/.   


Статья посвящена общим вопросам, 
относящимся к управлению 
пожарными рисками всех видов.  


  
Task 9. Write some the introductory paragraph on following topics 


a) Models of fire fighting strategic. b) Forest Fire Fighting by Directed Blast. c) The 
Inflammability of Forest Combustible Materials. c) Fire Statistics.  
 


Body of the Paper.  The body of the paper includes several paragraphs. Because 
a paper is long and complex, it is important to organize your thought and to plan the 
body of your paper before you begin to write. The best way to do it is to make an 
outline (schematic plan).  


 
Task 10. Observe the outline on the subject “Modern Technology”.  
 


Topic: Modern Technology 
I. Introduction 
Topic sentence: The most recent significant discoveries to benefit humankind 
in modern times are in the fields of television and computer technology 
II. Body 
A. A popular form of instant communication all over the world is television. 
1. New generation of TV-sets.  
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B. In the last few decades, computer technology has made tremendous 
progress in the    world of communication to benefit humankind.  


                 1. Long-distance communication 
                 2. Information superhighway 
                 3. Global computer networks 
                 4. Electronic mail 


C. Technology has contributed enormously to advances in computer medicine, 
which has                           benefited both doctors and patients. 
   1. X-ray pictures of body parts. 


                2. Computer-aided diagnosis 
Example of woman with headaches.  
 
III. Conclusion 


To conclude, scientific research an experiments have certainly opened the doors 
to faster, more easily accessible information worldwide on television and the 
computer. Many of these discoveries have changed our lives for the better and 
have made the peoples of the world closer. 


   
Conclusion. The concluding paragraph contains usually the following parts:  a 


statement (formulation, restatement) of the main idea of the paper; enumeration of 
obtained results without giving numeric or graphic data; conclusions.  Then you add 
your final comments on the subject – food for thought, based on the information you 
have provided. You can use the following constructions to write your conclusion. 
 
It has been shown that… Показано, что… 
Based on…., it is concluded that… На основании … приходим к 


заключению, что… 
Thus we are fully justified that… Таким образом, представляется 


вполне оправданным сделать вывод о 
том, что… 


… and … are among the most 
meaningful results of the study 


К важнейшим результатам 
исследования относятся … и … 


The following specific conclusions are 
drawn… 


Делаются следующие конкретные 
выводы… 


It follows from the arguments above 
that…  


Из всего сказанного выше  следует, 
что… 


 
Task 11. Translate the text which represents the conclusion part of the article “Safety 
Problems at Present Time and Types of Dangers” 


Generally speaking, we are confronted with a whole variety of dangers of 
different kinds and groups. From an abstract mathematical view one can understand 
the danger matrix as an unlimited network. Within this network, there obviously 
exists a variety of elements, which may be specified – regardless of all difficulties. 


The complex effects of all dangers, their amount and intensity lead to a system 
crisis that might end in the exodus of the human civilization. 
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It follows from the arguments above that at present development stage the 
question of how to guarantee the safety of humans is a very serious and important 
problem. In other words, it concerns the successful solution of any crisis situation, the 
safe-guarding of the civilization’s survival as well as the creation of conditions 
allowing a further successful advancement of humankind.  


The solution of this difficult problem requires efforts of the entire humankind, 
of all international organizations, all countries and – of course – the sector of science 
and technology.  


 
Task 12. Comment on the expression “Successful solution of any crisis situation”. 
 
Task 13. Give explanation of the following terms.  
 
Cosmic dangers 
Ecological dangers 
Natural dangers 
Technological dangers 
Biological, economic, social, political dangers 
Dangers generated by wars, information losses (internet) 
 


 A bit of theory!  Transition Signals between Paragraphs. When you write two 
or more paragraphs, you need to show the relationship between your first and second 
paragraph, between your second and third paragraph, and so on. Think of transitions 
between paragraphs as the links of a chain. A transition signal between two 
paragraphs links your ideas together. This transition signal may be a single word, a 
phrase, or a dependent clause that repeats or summarizes the main idea in the first 
paragraph.  You can use the following transition signals 
 
Finally… В заключение… 
That means above all that… Сказанное означает, что 
Generally speaking… Вообще говоря,  
One can say that… Можно сказать что,  
It follows from the arguments that Сказанное означает, что… 
However Однако, 
Here, we provide… Далее мы приведем… 
Briefly said,  Короче говоря,  
Thus,  Итак,  
Summarized,  Подытоживая… 
Below Выше 
First, second Во-первых, во-вторых… 
In other words… Другими словами… 
As conclusion,  В заключение… 
Again, it must be underlined that… Подчеркнем еще раз, что… 
In addition, it is necessary to make the Кроме того, считаем необходимым 
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following note… сделать следующее замечание…  
It is also obvious that…  Очевидно, что… 
In this framework… При этом,… 
Further,   Далее… 
It is clear that Ясно, что… 
In conclusion of this chapter…  В заключение этой главы… 
In the previous chapter, we quoted 
statements from papers in which… 


В предыдущем параграфе мы 
цитировали работы, где … 


As mentioned above, Как было сказано выше,  
On one hand,  С одной стороны,  
Hence it follows that… Отсюда следует, что… 
At the beginning, we provided the 
definition of the term “Fire” 


В начале мы привели определение  
понятия «Пожар»  


Consequently, we divided…  Следовательно (поэтому; в 
результате),   мы разделили… 


 
Task 14. Choose the right transition signals between given in the brackets and put it 
in the paragraph.  
1) The computer system IntersSTRES allows the experts to analyze and compare the 
statistical data regarding fire protection, technical aid and emergency response in a 
country, differentiated by various territorial levels (rural areas, administrative 
districts, federal states), to analyze the trend of disaster occurrence, and also to design 
scenarios for fire service set up and operation planning.   
The System is tool for long-term strategic management of emergency services. (at the 
beginning, further, thus).   
2) We itemize several types of dangers, which threaten the humankind at the 
beginning of the 21th century: cosmic dangers, ecological dangers, natural dangers, 
technological dangers, biological, economic, social, political dangers, dangers 
generated by wars and information losses.  
We are confronted with a whole variety of dangers of different kind and groups.  
(first, generally speaking, however). 
3) When analyzing safety problems (of any object) two fundamental terms come into 
the focus – “Endangerment” and “Safety”. At first sight, this seems to be simple, with 
“Safety” meaning absence of any “Endangerment” 
One has to add another term to the two terms mentioned above – “Risk”. The term 
“Risk” – in a certain sense – connects the above mentioned terms. In result, the basic 
“Triad” of the risk and safety theory – currently under discussion – develops. 
(however, again, here, we provide) 


PART 2.  Speaking About Research  
In this part you deal with word combinations and constructions useful while 


writing scientific papers, discussing and defending dissertations, preparing lectures, 
or talking on scientific subjects. 
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Unit 1.  Problems and Questions of Scientific Research 
Task 1. Translate into Russian and memorize these constructions 
I am studying the problem of… 
I am interested in the problem involving… 
I have been working on this problem since… (for) 
I came against this problem long ago. 
The problem consists of… 
The problem was posed by … 
This problem arises in connection with the fact that… 
This problem appears in connection with… 
The problem is very complex. 
This problem has not yet been studied sufficiently well. 
The paper deals with some problems of… 
First of all I would like to dwell on the problem of 
In the first place I would like to consider the problem involving… 
This problem is being widely discussed in … 
This paper (publication) is devoted to the problem of…  
This question has been repeatedly raised in… 
This question has not yet been discussed in the literature. 
This question has not been studied sufficiently well 
This question still remains open. 
 
Task 2. Using the dictionary find English equivalents to the expressions. 
Фундаментальная проблема, актуальная проблема, насущная проблема, 
ключевая проблема, поставленная проблема, аналогичная проблема, следующая 
проблема, неразрешимая проблема, изучаемая проблема. 
Проблема исключительной важности, проблема использования. 
Состояние вопроса, рассмотрение вопроса, постановка вопроса, решение 
вопроса, ряд вопросов. Вопрос большого теоретического и практического 
значения. Вопрос первостепенной важности.  
 
Task 3.  Match these expressions with their Russian equivalents. 
 
1 to pose a problem a исследовать одну 


из проблем 
2 to raise  a problem b столкнуться с 


проблемой 
3 to touch upon a key problem c охватывать ряд 


важных проблем 
4 to embrace a number of important problems d решать 


поставленную 
проблему 


5 to investigate one of the problems e рассмотреть одну 
из проблем 


Отформатировано:
английский (США)


Отформатировано:
русский (Россия)







 36 


6 to study a problem  f поставить 
проблему 


7 to consider one of the problems g обсуждать 
актуальный вопрос 


8 to discuss  a topical question h заинтересоваться 
актуальной 
проблемой 


9 to get interested in a topical problem  j заниматься 
некоторыми 
вопросами 


10 to be concerned with some questions k выдвинуть 
проблему 


11 to solve a posed problem   l перейти к 
проблеме  


12 to pass on the problem of   m коснуться 
ключевой 
проблемы 


13 to come against the problem n остановиться на 
следующем 
вопросе  


14 to dwell on the following question o изучить проблему 
15 to solve (settle)  a problem  p решить проблему 
 
 Task 4. Complete the sentences.  
1. In my report  I would like to ….  upon a problem which has as yet received little 
attention in the literature.  2. We know that  professor . N.  ….     ….. with a similar 
problem. 3. Let’s … on the basic problems of safety. 4.  I am  …. in the topical 
problem of fire prevention. 5. I have been ….  this problem since 2000.  6.  I …  
against this problem long ago. 7.  I was asked to …. on the question of estimated time 
definition.   8. The question about developing new methods must be … first.  
Task 5.  Speak about problems you investigate. 
 


Unit 2. Aims and Tasks of Research  
Task 1. Translate into Russian and memorize these constructions. 
The aim of the research was to study…  
The study of …. represents the main aim of the research.  
The research is being carried on with the aim of demonstrating that… 
The research is being carried on for practical purposes.  
This constitutes the basic task of research. 
For carrying out this task it is necessary… 
Our task is to study… 
The main task is to investigate… 
We are confronted by a complicated task.  
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The development of … is a complicated task.  
This task must be carried out in the nearest future.  
 
Task 2. Using the dictionary find English equivalents to the expressions 
Первоочередная задача, поставленная задача, намеченная задача, главная 
задача, основанная задача, актуальная задача,  экспериментальная задача, 
конкретная задача; задача исследования, задача создания; задача 
исключительной важности.  
Практическая цель, реальная цель, хозяйственные цели;  с целью повышения, в 
целях увеличения.  
 
Task 3. Match these expressions with their Russian equivalents. 
 
1 to constitute the main aim of a наметить задачу 
2 to achieve a set aim b определить основную задачу 
3 to serve peaceful aims c перечислить основные 


задачи 
4 to use for scientific purposes d составлять основную цель 
5 to study with a scientific purpose e изучать с научной целью 
6 to determine the main task f столкнуться с неразрешимой 


задачей 
7 to enumerate the main tasks g полностью выполнить 


задачу 
8 to set an important task before h использовать с научными 


целями 
9 to fulfill the task completely j считаться сложной задачей 
10 to be considered a complicated task k справиться с указанной 


задачей 
11 to cope with the above task l выполнить задачу 
12 to prove to be a complicated task m оказаться сложной задачей 
13 to carry out the task n поставить важную задачу 


перед 
14 to be confronted by a unsolvable 


task 
o достичь поставленной цели 


15 to outline the task p служить мирным целям  
16 to confront with critical task q стаять перед  важной 


задачей  
17 to accomplish the task  r решить задачу 
 
Task 4. Complete the sentences.  
1. The discovery and study of regularities in the relationships between phenomena 
and processes  … the main aim of every field of science. 2. At present we  …  … by 
an unsolvable task. 3. We will not … our aim if we do not maintain constant 
scientific contacts. 4. The tasks of research must be clearly … 5. This … our science 
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with even more critical tasks. 6. The accomplishment of this task   is …. to be a 
complicated task. 7. First I would like to …. the main tasks of my investigation.  
Task 5. Speak about aims and task of your research. 


 Unit 3. Direction and Trends 
Task 1. Translate into Russian and memorize these constructions. 
The most important direction of research is the study of … 
There are the following basic directions of research: 
The work is proceeding in the above direction. 
Now we shall turn to another trend. 
The above research is being carried on in several directions. 
The basic direction of scientific research is changing. 
The direction of scientific research remains the same. 
 
Task 2.  Using the dictionary find English equivalents to the expressions. 
Ведущее направление, важнейшее направление, новое направление, другое 
направление, ошибочное направление, намеченное направление, указанное 
направление, следующее направление; различные направления современных 
исследований, целый ряд современных направлений,  направление 
исследования.  
 
Task 3. Match these expressions with their Russian equivalents. 
 
1 to reflect the main direction a развиваться в разных 


направлениях  
2 to plan the direction b отражать основное 


направление 
3 to move in the above direction c наметить тенденции 
4 to establish the direction d зависеть от направления 
5 to select a wrong direction e установить направление 
6 to criticize the direction f выбрать ошибочное 


направление 
7 to be leading trend in g основным направлением 


дискуссии будет 
8 to turn to another direction  h перейти к другому 


направлению 
9 to develop in different 


directions 
k думать о будущих тенденциях 


10 to think about future trends l критиковать направление 
11 the main point of discussion  


will be 
m наметить направление 


12 to depend on the direction n являться ведущей тенденцией 
в 


13 to outline the trends o вести в другом направлении 
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14 to conduct in another direction  p вести в указанном 
направлении 


 
Task 4.  Complete the sentences. 
1. The demands of practice … the direction in which science is to be developed. 2. It 
is necessary to… our research in different directions.  3. After discussions with the 
scientific supervisor, the direction of the research was …. 4. Now, we shall …. to 
another trend.  5. The speaker was asked in what direction he was going to … in the 
future.  6. The main …. of our discussion will be factors influencing efficiency of fire 
fighting.  
Task 5. Speak about directions and trends in your research. 
 


Unit 4. Research, Study  
Task 1. Translate into Russian and memorize these constructions. 
At present an intensive study is being carried on. 
The further study requires… 
The further study indicates that… 
The study of… has an extremely high importance for… 
Certain progress has been achieved in the study of… 
An important problem arises in connection with the study of … 
Such research was done by… in… 
The scope of research should be extended. 
The research in the field of… involves…  
 
Task  2.  Using the dictionary find English equivalents to the expressions. 
Дальнейшее изучение, экспериментальное изучение, теоретическое изучение, 
сравнительное изучение, длительное изучение, систематическое изучение, 
углубленное изучение, всестороннее изучение, детальное изучение; изучение 
процесса,  изучение новейшими методами, метод изучения, объект изучения, 
успехи в изучении. 
Научное исследование, опытное исследование, всестороннее исследование, 
дальнейшее исследование, настоящее исследование, актуальное исследование, 
комплексное исследование, дорогостоящее исследование; исследование важной 
проблемы, исследование свойств, условий, взаимодействия, механизма, путей; 
исследование в области; рамки исследования, программа исследования, 
комплекс исследований,  
Task 3. Match these expressions with their Russian equivalents. 
 
1 to complete the study a вести изучение, изучать 
2 to carry on the study b вести работу по изучению  
3 to hamper  the study c завершить изучение 
4 to contribute to the study d требовать детального 


изучения 
5 to be engaged in the study of e осуществить комплекс 
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исследований по  
6 to require a detailed study f заниматься изучением 
7 to finance scientific research g тратить средства на 


исследование 
8 to organize thorough research on h обобщать результаты 


научных исследований 
9 to perform a series of studies  j опубликовать серьезное 


исследование о   
10 to generalize the results of research k расширить рамки 


исследования 
11 to be concerned with the study of l затруднять изучение 
12 to spend funds on investigation m ссылаться на чье-либо 


исследование 
13 to go beyond the scope of 


investigation 
n способствовать изучению  


14 to publish a serious study about  o выходить за рамки 
исследования 


15 to extend the scope of investigation p финансировать научные 
исследования 


16 to refer to smb’s research q развернуть, организовать  
тщательные исследования 
в 


17 to require great expenditures r требовать больших затрат 
 
Task 4.  Complete the sentences.  
1. K.A. Timiryazev has devoted all his life to the … of vegetable physiology. 2. 
Much research is … with the study of interaction of physical and chemical processes. 
3. At present, an intensive study of fire extinguishing compositions is being …. on.  
4. A series of …. should be performed in this field. 5. No doubt, that the  study of 
new fire extinguishing methods ... great expenditures.  5. A serious study about new 
energy sources was … last year. 6. The author has … to the research of the well-
known scientist. 7. It’s time to …. an paper presenting the results of our investigation.     
 
Task 5. Speak about direction and trends of your research.  


 Unit 5. Method, Technique(s), Procedure 
Task 1. Translate into Russian and memorize these constructions. 
There are several methods of solving (determining, obtaining, treating)… 
The most common and best known methods are the following: 
 The method consists in determining smth 
The above methods are based on the use… 
The above method was discussed (has been discussed) in… 
This method has not yet been described anywhere. 
Then paper outlines the method of… 
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The following method may be recommended in such case. 
The given methods of calculation are suitable for… 
The content of smth  in smth has been determined by the method of… 
The available methods cannot de used for .. 
The method is highly effective in.. 
In the paper we propose the new way of… 
The paper will outline the technique of… 
This technique is being developed, applied, used… 
 
Task 2.  Using the dictionary find English equivalents to the expressions. 
Аналитический метод, физико-математический метод, физико-химический 
метод, статистический метод, спектроскопический метод, графический метод, 
количественный метод, оптимальный метод, надежный метод, точный метод, 
применяемый метод; метод исследования, метод измерения, метод расчета; 
суть метода,  надежность метода, преимущества и недостатки метода, 
Эффективный способ, оригинальный способ,  предлагаемый способ, доступный 
способ, Стандартная методика, современная методика, передовая методика, 
разработанная методика; методика проведения, разработка новой методики, 
усовершенствование методики проведения эксперимента (experimental 
procedure).  
 
Task 3. Match these expressions with their Russian equivalents. 
 
1 to outline new methods a рассмотреть 


промышленные 
методы 


2 to consider industrial methods  b разработать 
совершенный метод 


3 to substantiate quantitative  methods c обсудить 
стандартный метод 


4 to refine classical method d обосновать 
количественные 
методы 


5 to apply advanced method e считаться лучшим 
способом для, 


6 to modify the available methods f лежать в основе 
практического 
метода 


7 to test by above method g служить основой 
методики 
проведения 
эксперимента 


8 to turn to the most up-to date techniques h изложить новые 
методы 
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9 to be considered the best way of, for j предложить новый 
способ получения  


10 to prove to be the wrong technique k проверить 
указанным методом 


11 to underlie the practicable method l овладеть 
эффективной 
методикой   
измерения 


12 to serve as a bases of experimental procedure 
technique 


m уточнить 
классический метод 


13 to propose a new way of obtaining n усовершенствовать 
классическую 


14 to master an effective technique of measuring o оказаться ошибочной 
методикой 


15 to try a proposed technique of p применить 
передовой метод 


16 to design a perfect technique of  q прибегнуть к 
новейшим методам 


17 to discuss the standard technique r изменить 
существующие 
методы 


 
Task 4.  Complete the sentences. 
1. There is a spectrum of various …to compute the risks of the realization of a 
danger. 2. Now we are searching   for the …. for remediation objectives. 3. Since this 
method has been …. in the literature  we shall not discuss it in our paper. 4. Each 
science has own … methods. 5. It is difficult to … a more constructive method. 5. 
Scientists seek … risks calculation. 6. Without development of new and… research 
methods the progress of science would be impossible.  
 
Task 5.  Speak about methods and technique you use in your research. 


 Unit 6.  Research Equipment 
Task 1. Translate into Russian and memorize these constructions. 
A new instrument is available for the performance of the experiment. 
A new device is required for the performance of the experiment. 
This installation has been designed for… 
Various measuring instruments are being developed now. 
This instrument has been greatly improved. 
Works was done with the help of special instruments 
The changes can be detected  with the help of sensitive apparatus. 
The device measures radiation intensity. 
This instrument is designed as a chamber consisting of… 
From the readings of the instruments one can estimate… 
The paper contains a detailed description of the installation 







 43 


We have some experience in working with the latest apparatus. 
The development of general-purpose instruments 
The reading of the instruments are taken 
 
Task 2. Using the dictionary find English equivalents to the expressions.  
Измерительный прибор, новый прибор, сложный прибор, эталонный прибор, 
уникальная аппаратура, современная аппаратура,  чувствительная аппаратура. 
Прибор для измерения, аппаратура для определения, прибор дозиметрического 
контроля, поисковый акустический прибор, устройство аварийной 
сигнализации, автоматическое устройство. 
  
Task 3. Match these expressions with their Russian equivalents. 
 
1 to design a special instrument for  a разрабатывать новое 


устройство 
2 to develop a new device b испытать оборудование 
3 to use the instrument for smth c обнаружить с помощью 


прибора 
4 to test the installation d установить по показаниям 


прибора  
5 to improve the instrument e проверить новую аппаратуру 
6 to detect by means of the 


instrument 
f конструировать специальный 


прибор для 
7 to measure with the help of the 


device 
g получить данные с помощью 


чувствительного прибора 
8 to determine from instrumental 


reading 
h использовать прибор для 


9 to check a new apparatus j опыт работы со сложной 
аппаратурой 


10 to obtain data with the help of a 
sensitive apparatus  


k усовершенствовать прибор  


11 the experience in handling a 
complicated apparatus 


l измерить с помощью 
устройства 


 
Task 4.  Translate into English.  
1. Первые приборы этого типа были сконструированы и испытаны несколько 
лет назад. 
2. Для устранения фонового шума применялись разнообразные приборы. 3.  
Эти изменения можно зарегистрировать только с помощью очень 
чувствительных приборов. 4. В этой лаборатории имеется новейшее 
оборудование. 5. Этот прибор представляет собой камеру, состоящую из трех 
отсеков. 6. В нашей лаборатории разрабатываются приборы дозиметрического 
контроля. 7. В последнее время масс-спектрометр был значительно 
усовершенствован, а сейчас испытывается еще один такой прибор.  8. 
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Имеющийся  прибор не может обнаружить частицы такого типа.  9. Показания 
приборов  снимаются на протяжении всего эксперимента. 10. Аппаратура 
работает нормально. 12. С помощью специальной аппаратуры был обнаружен 
источник излучения.  
 
Task 5. Describe the equipment you need for the research. 


Unit 7. Experiment, Observations, Analysis 
Translate into Russian and memorize these constructions. 
To draw conclusions on the basis of visual observation. 
Observations on… are carried out with the aid of… 
As a result of the observations we have come to the conclusion that… 
The experiment has been planned in order to… 
The experiments were started in   … 
The test experiments were performed as follows. 
Numerous experiments have proved that… 
The experiments have confirmed the hypothesis that… 
This hypothesis is disproved by numerous experiments 
 Experiments with (on) … allow to draw conclusion that… 
The experiment has been successfully completed. 
The analysis of samples is carried out by conventional methods. 
The analysis is performed with the aid of… 
The paper presents a comparative analysis of… 
As a result of the analysis made it was revealed that… 
According to the analysis … 
It has been possible to carry out a complete analysis of … 
 
Task 1.  Using the dictionary find English equivalents to the expressions. 
Тщательные наблюдения, постоянные наблюдения, дальнейшие наблюдения, 
проведенные наблюдения, точные наблюдения, визуальные наблюдения, 
объективные наблюдения, научные наблюдения, специальные наблюдения, 
регулярные наблюдения.  
Наблюдения за изменением, наблюдения в области, наблюдения над 
животными. Проверочный эксперимент, блестящий эксперимент, 
убедительный эксперимент, уникальный эксперимент, успешный эксперимент; 
эксперимент в области,  технические детали эксперимента, постановка 
эксперимента, планирование эксперимента. 
Математический анализ, спектральный анализ, качественный анализ, 
количественный анализ, всесторонний анализ, исчерпывающий анализ, 
сравнительный анализ, последовательный анализ; анализ экспериментальных 
данных, анализ имеющихся фактов, проведение количественного анализа.  
Task 2. Match these expressions with their Russian equivalents. 
 
1 to perform scientific observations on a выполнить научные 


наблюдения над 
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2 to put smth under constant observation  b основываться на 
научных наблюдениях 


3 to generalize observations made c задумать разнообразные 
эксперименты в области 


4 to be supported by numerous observations d поставить интересный 
эксперимент 


5 to be based on scientific observations e ограничиться 
экспериментами  


6 to contemplate diverse experiments in the 
field of 


f исходить из 
проведенных 
экспериментов 


7 to stage an interesting experiment g установить из 
проверочного 
эксперимента 


8 to confirm by a series  of experiments h установить постоянное 
наблюдения за 


9 to confine oneself to experiments j произвести полный 
анализ 


10 to familiarize with the latest experiments k не поддаваться анализу  
11 to proceed from experiments performed l подвергать 


спектральному анализу  
12 to establish from the test experiment m подтвердить рядом 


экспериментов 
13 to present a comprehensive analysis n подтверждать 


математическим 
анализом  


14 to carry put a complete analysis o обобщить сделанные 
наблюдения 


15 not to be analyzable  p дать всесторонний 
анализ 


16 to subject to spectral analysis q опираться на научный 
анализ 


17 to confirm by mathematical analysis r ознакомить с 
последними 
экспериментами  


18 to rely on scientific analysis s обнаруживаться с 
помощью анализа  


19 to be detected with the aid of analysis t подтверждаться 
многочисленными 
наблюдениями 


 
Task 3.  Complete the sentences.  
1. Astrophysical …. on these processes are carried out with the aid of highly sensitive 
instruments. 2. Scientists have made an…. observation. 3. It is necessary to 
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corroborate the conclusions with accurate …. . 4. On the basis of recent …. scientists 
have come to an important conclusion. 5. Such results can be obtained on the basis of 
visual … . 6. We have performed a number of … to support the hypothesis. 7. This 
brilliant … has confirmed the conclusion of the scientist. 8. For verifying the   
hypothesis an unique … has been performed.  9.  Samples  have been taken for 
chemical …. 10. Theoretical conclusions should be supported by mathematical …. 
and experimental data. 11. In order to make an exhaustive … a new devise should be 
developed.   


Unit 8.  Practice. Significance  
Translate into Russian and memorize these constructions. 
It is necessary to study the rich practical experience in… 
It is necessary to check the obtained results in practice. 
Practical experience shows that… 
It is known from practical experience that… 
The research done has great practical significance. 
This research has not only theoretical but also practical significance 
Assessing the significance of the results obtained one might say that… 
This research has not lost its significance at the present time. 
The scientific significance of this research consists in that…. 
Smb.’s papers in this field are of great importance.  
 
Task 1.  Using the dictionary find English equivalents to the expressions. 
Богатая практика, многолетняя практика лабораторных исследований; метод, 
применяемый на практике, потребности практики.  
Хозяйственное значение, теоретическое значение, практическое значение, 
важное значение, исключительное значение, огромное значение, мировое 
значение, первостепенное значение, решающее значение, второстепенное 
значение, первостепенное значение;  выяснение  значения.  
Task 2. Match these expressions with their Russian equivalents. 
 
1 to combine theory and laboratory practice a войти в практику 
2 to come into use b убедиться в чем-либо 


на практике 
3 to introduce smth. into practice c отвечать на запросы 


и потребности 
практики 


4 to be based on practical experience d приобретать 
огромное 
практическое 
значение 


5 to apply smth. in practice e утратить свое 
первостепенное 
значение 


6 to make sure about smth. from practical f основываться на 
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experience практике 
7 to proceed from theory to practice g перейти к 


хозяйственному 
значению чего-либо 


8 to meet the demands and needs of practice h подчеркнуть 
исключительное 
значение  


9 to acquire tremendous practical significance  j отрицать 
практическое 
значение чего-либо 


10 to lose one’s paramount importance k придавать большое 
практическое 
значение чему-либо 


11 to emphasize the exceptional importance of l сочетать теорию и 
лабораторную 
практику 


12 to deny the practical significance of m идти от теории к 
практике 


13 to attach great practical importance to  n применять что-либо 
на практике 


14 to dwell on the economic significance of o оценить научное 
значение чего-либо  


15 to assess scientific importance of  p внедрить в практику 
 
Task 3.  Complete the sentences. 
At present, … importance is attached to the exploration of the ocean and its 
biosphere. 2. The research done has great … significance for the economy. 3. The 
contribution to science made by D.I. Mendeleyev is great and has not …. its 
importance in our days.  4. Understanding the inner working of E 8 has a great …. 
significance for pure mathematics.   5.  The speaker … the importance of 
international cooperation for the advancement in this field.  6. These properties of X-
rays are … in practice. 7. Only  … can prove the validity of a theory. 8. Lately 
precision instruments have … into use in scientific research. 9. We should  …  the 
validity of this theory in practice.  
 
Task 4. Speak about the significance of your research.  
 


 Unit 9. Dissertation   
Translate into Russian and memorize these constructions. 
The dissertation consists of … chapters. 
The dissertation is devoted to the problem… 
The dissertation is a major contribution to science. 
The dissertation contains new scientific and technological data 
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The dissertation is recommended for defence by the department… 
The research and development council has approved the dissertation. 
The subject of the dissertation is topical.  
The supervisor has made important remarks. 
The supervisor has helped to publish the abstract.  
The contents of the dissertation meet the requirements of… 
The main theses of the dissertation are controversial.     
The abstract of the dissertation was submitted for consideration by … 
The abstract is to be mailed to…  
It is necessary to receive the review of the dissertation.  
The defence of the dissertation will take place …  
Doctors of science, candidates of science, associated professors, and highly 
competent specialists may be invited as official opponents.  
An official opponent cannot be a member of the Higher Certificate Board.   
The dissertation for the degree of Candidate of Science, Doctor of Science is a 
scholarly work containing the solution of some important problem.   
 
Task 1. Using the dictionary find Russian equivalents to the expressions. 
Nouns: Review by, review of, manuscript, theses, abstract, appendix, abstract, 
publishing, subject, scientific advisor, supervisor, survey, opponent, reviewer, leading 
organization,  
Adjectives: general, brief, main, extensive, concluding, detailed, preliminary, open to 
public, positive, negative, exhaustive, outside, well-founded, official, aspiring to an 
academic degree, awarding an academic degree, defence of the dissertation for the 
degree, opponent’s review of, opponent’s speech during the defence, opponent’s 
remarks, opinion letter.  
 
Task 2. Using the dictionary find English equivalents to the expressions. 
Рукопись диссертации, основные положения диссертации, автореферат 
диссертации, приложение к диссертации, отзыв на диссертацию,  
опубликование статей  по теме диссертации. 
Научный руководитель, краткое содержание, основные положения 
диссертации, общее введение,  детальное заключение, заключительная глава, 
обзорная глава, обоснованное заключение.  
Предварительная защита диссертации, открытая защита, положительный отзыв, 
отрицательный отзыв, исчерпывающий отзыв, внешний отзыв; отзыв внешнего 
рецензента, отзыв ведущего предприятия, отзыв оппонента; первый оппонент,  
второй оппонент,  выступление официального оппонента.  
Соискание ученой степени, присуждение ученой степени. 
 
Task 3. Match these expressions with their Russian equivalents. 
 
1 to hold an academic degree a опубликовать статьи 


по теме диссертации 
2 to award an academic degree b раскрыть в 
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заключении 
3 to aspire to an academic degree c принять 


диссертацию к 
защите 


4 to be appointed as an official opponent d собрать материал для 
диссертации  


5 to submit a review of the dissertation e разослать 
автореферат 
 


6 to speak at the defence of the dissertation f согласовать с 
научным 
руководителем 


7 to accept the dissertation for defence g защищать основные 
положения 


8 to mail the abstract h составить 
библиографию к 
диссертации 


9 to edit the abstract j отметить во 
введении 


10 to point out in the introduction k редактировать 
автореферат  


11 to reveal in the conclusion l обосновать основное 
положение 


12 to defend the mains theses m выступать на защите  
13 to substantiate the main thesis n учесть замечания 


научного 
руководителя 


14 to take into consideration the supervisor’s 
remarks  


o представить отзыв на 
диссертацию 


15 to submit for the supervisor’s approvals p назначаться в 
качестве 
официального 
оппонента 


16 to complete the dissertation within the limit-time q быть соискателем 
ученой степени 


17 to collect material for the dissertation  r закончить 
диссертацию в срок 


18 to publish the articles on the subject of the 
dissertation 


s иметь ученую 
степень 


19 to compile the bibliography for the dissertation t присудить ученую 
степень 


 
Task 4. Complete the sentences.  
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1. The main ideas of the dissertation are outlined in … . 2) The dissertation has been 
approved by …  and recommended for… .   3) The abstract should give clear-cut 
exposé of the … of the dissertation. 4) A scientific paper written jointly with the…. 
was published in a special journal. 5) The manuscript of the dissertation abstract has 
been submitted to the ….. 6)  A more detailed … of the dissertation should be drown 
up. 7) The contents of the dissertation are reflected    in… 8) The form and contents 
of the dissertation meet all the … imposed on such scholarly writings. 9) The main … 
of the dissertation are convincingly argued and do not give rise to any objections. 10) 
In conclusion it is necessary to …. The most important theses of the study made. 11) 
The … or preface precedes the actual presentation of the material. 12) The …. 
generalizes the most essential these of the dissertation.  13) The abstract of the 
dissertation should contain… 14) The size of an abstract should not exceed 1-2 
author’s sheets.  15) The abstract should be …. to Academic Councils and interested 
organizations not later than 30 days prior to the defence. 16) When  a … review is 
received from the official opponent  the dissertation is presented for defence. 17) The 
review of the dissertation contains …. 18) Professor Mills has been …. official 
opponent. 19) The Degree of Doctor of Science is … to person holding the Degree of 
Candidate of Science after the … defence of the dissertation.   
 
Task 5. Speak about the structure and contents of your dissertation.  
 
 


PART III. Grammar Revision  
 


Unit 1. Types of Sentences 
A bit of theory! A sentence is a group of words that you use to communicate 


your ideas. There are basically four kinds of sentences in English: simple, compound, 
complex, and compound-complex.  
 1.1. A simple sentence is one independent clause. It can have one subject and one 
verb, one subject and two verbs, two subjects and two verbs.  
Ex. I enjoy playing tennis with my friends every weekend.  
       I enjoy playing tennis and look forward to it every weekend. 
      My friends and I play tennis and go bowling every weekend. 
 
Task 1. Write two simple sentences with one subject and one verb. Write two simple 
sentences with one subject and two verbs. Write two simple sentences with two 
subjects and two verbs. Topics: Risk assessment. Erosion. Earthquake. Water 
pollution. Physical Fitness. Disaster fighting.  


 
1.2. A compound sentence is two or more independent clauses joined together. 
There three ways to join the clauses: 
1. With a coordinator. Example: I enjoy tennis, but I hate golf. 
2. With a conjunctive adverb.  Example:  I enjoy tennis; however, I hate golf. 
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3. With a semicolon. Example: I enjoy tennis; I hate golf. 
 
1.2.1. Compound Sentences with Coordinators 
Notice that there is a comma after the first independent clause. The following 
sentences illustrate the meanings of the seven “FAN BOYS” coordinators. 
For  Women live longer than men, for they take better care of their health. 
And  Women follow more healthful diets, and they go to doctors more often. 
Nor Women don’t smoke as much as men do, nor do they drink as much alcohol. 
But Men may exercise harder, but they may not exercise as regularly as women do. 
Or  Both men and women should limit the amount of fat in their diets, or they risk 
getting  heart disease.   
Yet Women used to be known as the “weaker sex”, yet in some ways, they are 
stronger than  men. 
So Men are less cautious that women, so more men die in accidents. 
 
Task 2.  Add independent clause to the following independent clauses to form 
compound sentences. Be sure to write a complete clause containing a subject and a 
verb. Underline the coordinator and add punctuation. 
Example: The college campus is located in the center of the city, so it is very easy to 
do my shopping. 


1. Officers can attend day classes and 
______________________________________. 


2. Cadets can live in dormitories or 
______________________________________  . 


3. I have finished my math homework but 
___________________________________ . 


4. I have studied English for six years yet 
____________________________________ . 


5. My adviser suggested a word processing class for 
___________________________ . 


6. Some students do not like to write term papers nor 
___________________________ . 


7. The instructor gave us eight weeks to write our term papers yet 
________________ . 


8. Most students had not even chosen a topic nor 
______________________________ . 


9. The instructor was very upset for 
_________________________________________ . 


10. My roommate scored very high on the English placement test so 
________________ . 


 
Task 3. For each pair of sentences, choose a coordinator that best fits the meaning 
and join the two independent clauses to form a compound sentence. Use each FAN 
BOYS coordinator once. Write your new sentences on a separate sheet of paper, and 
punctuate them correctly.  
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Example: Nuclear accidents can happen. Nuclear power plants must have strict 
safety  controls. =  Nuclear accidents can happen, so nuclear power plants must 
have strict safety controls. 
 


1. The accident at the nuclear power plant at Three Mile Island in the United 
States created fears about the safety of this energy source. The disaster at 
Chernobyl in the former Soviet Union confirmed them. 


2. Solar heating systems are economical to operate. The cost of installation is 
very high. 


3. Energy needs are not going to decrease. Energy sources are not going to 
increase. 


4. Burning fossil fuels causes serious damage to our planet. We need to develop 
other sources of energy. 


5. Ecologists know that burning fossil fuels causes holes in the ozone layer. 
People continue to do it.  


6. Poorer nations especially will continue this harmful practice. They don’t have 
the money to develop “clean” energy sources. 


7. All nations of the world must take action. Our children and grandchildren will 
suffer to consequences. 


 
Task 4.  On a separate sheet of paper, write seven compound sentences of your 
own on the topic of your research, using each coordinator. 
 


1.2.2. Compound Sentences with Conjunctive Adverbs 
Also, just like the FAN BOYS coordinators, conjunctive adverbs express 
relationships between the clauses. See how the coordinators and conjunctive 
adverbs express similar meanings. 
 
And = besides, furthermore, moreover, also 
Example: Community colleges offer preparation for many occupations; 
moreover, they prepare students to transfer to a four-year college or university. 
 
But = however, nevertheless, nonetheless 
Yet = nevertheless; still; in spite of that, however 
Example: Many community colleges do not have dormitories; however, they 
provide housing referral services. 
 
Or = otherwise 
Example: Students must take final exams; otherwise, they will receive a grade of 
incomplete. 
 
So = accordingly, consequently, hence, therefore, thus 
Example:  Native and nonnative English speakers have different needs; therefore, 
most schools provide separate English classes for each group. 
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Task 5.  Add another independent clause to each independent clause that follows 
to form compound sentences. Be sure to add a complete clause containing a 
subject and a verb. Underline the conjunctive adverb and add punctuation. 
Example:  The college campus is located in the center of the city; therefore, it is 
very easy to do my shopping. 
 
1. Students can attend day classes moreover 


_____________________________________. 
2. Students can live in dormitories 


otherwise____________________________________  . 
3. I have finished my math homework however 


___________________________________  
4. I have studied English fir six years 


nevertheless_________________________________  
5. My adviser suggested a word processing class for 


___________________________ . 
6. The instructor gave us eight weeks to write our term papers nonetheless 


____________ . 
7. My roommate scored very high on the English placement test consequently 


________________ . 
 
Task 6.  Write four compound sentences on the topic of your research, using each 
of these conjunctive adverbs once: furthermore, however, therefore, and 
otherwise. 
  


1.2.3. Compound Sentences with Semicolons 
This kind of compound sentence is possible only when the two independent clauses 
are closely related in meaning. If they aren’t closely related, they should be written as 
two simple sentences. 
Example:  My older brother studies law; my younger brother studies medicine.  
Poland was the first Eastern European country to turn away from communism; others 
soon followed.  
 
Task 7.  Write three compound sentences of your own on the topic of your research, 
using a semicolon to join the independent clauses. 
 
1.3. A bit of theory! A complex sentence. Sentences can be joined by using these 
conjunctions and prepositions. So, it will be a complex sentence 
 


time reason, cause, 
consequence 


contrast condition 


and and but if 
before because although  
after because of even though  
while due to in spite of  
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as such a… that despite  
during as   
when so… that   
 


A complex sentence contains one independent clause and one (or more) 
dependent clause(s). In a complex sentence, one idea is generally more important that 
the other one. The more important idea is placed in the independent clause, and the 
less important idea is placed in the dependent clause.  There are three kinds of 
dependent clauses: adverb, adjective, and noun.  
1.3.1. An adverb clauses  begins with an adverbial subordinator such as when, while, 
because, although, if, so that, etc. There are two possible positions for an adverb 
clause: before or after the independent clause. If it comes before the independent 
clause, it is followed by a comma (sentence 1). If it comes after the independent 
clause, NO comma is used (sentence 2). Example:  Although women in the United 
States could own property, they could not vote until         1920.   In the United 
States, women could not vote until 1920 although they could own property. 
 
Task 8. Observe different types of complex sentences, translate them. 
1) I took some books with me so I would have something to do on my holiday. 2) I 
read the book while I was on holiday. 3) The book was so exiting that I couldn’t put it 
down. 4) It was such a good book that I stayed up all night reading it. 5) Even though 
I tried very hard, I didn’t manage to finish the book.  
 
Task 9. Match the beginning on the left to the ending on the right. Make necessary 
changes. 
 
Some countries report chimney fires 
separately 


while it is dangerous for a novice. 


We get an indicator called the gross 
domestic product (GDP) 


so that the user can easily return to the 
site 


Women in the USA could not vote although they could own property.  
The ozone layer is very important while others report chimney fires as part 


of structure fires.   
It was an easy task for an expert  because it acts like a filter intercepting 


most of sun’s radiation including 
potentially harmful Ultra violet B-rays. 


An address for a website is stored on a 
computer  


if we sum up all the goods and services 
produced by labor and property located 
within a country during a certain period.   


 
1.3.2. A relative clause begins with a relative pronoun such as who, whom, which, 
whose, or that or with a relative adverb such as where or when. Example: Let us 
record that there is a large number of fire risks, whose analysis is necessary, in order 
to ensure a promising maintenance of the fire safety.  We quoted statements from 
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papers, in which risks are understood as the product of probability of occurrence of a 
dangerous incident and the average damage caused.   
Relative Pronouns 
 
who refers to  


humans 
subject 
in its 
own 
clause 


restrictive 
or 
nonrestrictive


The professor who teaches my 
biology class won a Nobel Prize 
two years ago.  
Professor Jones, who teaches my 
biology class, won a Nobel Prize 
two years ago. 


whom refers to 
humans 


subject 
in its 
own 
clause 


restrictive 
or 
nonrestrictive


She loaned her car to someone 
whom  
she didn’t know. 
Professor Jones, whom I have for 
biology, won a Nobel Prize two 
years ago. 


whose refers to  
humans, 
nonhumans, 
and things; 
shows 
possession 


subject 
or  
object in 
its 
own 
clause 


restrictive 
or 
nonrestrictive


I studied algebra from a professor 
whose name I have forgotten. 
Apple Computer, whose 
Macintosh computer changed 
computing, was started by two 
men working in a garage. 


which refers to  
nonhumans  
and things 


subject 
or  
object in 
its 
own 
clause 


nonrestrictive
only 


She teaches biology, which is my 
favorite subject. 
Her husband teaches algebra, 
which I enjoy the least. 


that refers to  
nonhumans  
and things; 
informally, 
refers to  
humans 


subject 
or  
object in 
its 
own 
clause; 
if that is 
an  
object, it 
may  
be 
omitted 


restrictive 
only 
 


The class that meets in the next 
room is very noisy. 
The subject that I enjoy the least 
is algebra. 
The subject I enjoy the least is 
algebra. 
The salesman that sold me my car 
was fired. (informal) 


 
Relative Adverbs 
When Refers to 


a 
 time 


  restrictive 
or 
nonrestrictive 


I work full time on days when I don’t have 
classes. 
I didn’t work last week, when I had my final 
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exams. 
where Refers to 


a 
place 


 restrictive 
or 
nonrestrictive 


She has never returned to the city where she 
was born. 
First City Bank, where I have a checking 
account, was robbed last week 


 
You can use relative clauses to improve your writing style. Writing that contains 
subordinate structures is more sophisticated that writing that contains mostly simple 
and compound sentences. However, take care not to use too many relative clauses. A 
paragraph or essay that is filled with too many who’s and which’s not good either. 
There four kinds of errors in relative clauses: 
1. Incorrect relative pronoun was chosen. 
Ex. *I telephoned the student which wallet I found in the parking lot. (Which is not 
correct, it must be replaced by whose.) 
2.Verb and antecedent don’t agree.  
Ex. * People who lives in earthquake zones need earthquake insurance. (people live) 
3.Nouns or pronouns are repeated. 
Ex. * My friend whom I loaned my car to him returned it with several dents. 
4.Commas should be added or deleted. 
Ex. * Mobile phones, which always seem to beep at inappropriate times, should be 
turned off during concerts, lecturers, and naps. 
 


 
Task  10. The sentences in this exercise are not complete. Choose the most suitable 
ending from the list and make it into a relative clause.  
1) The functions of a simulation system are based on statistical regularities of 


random processes… 
2)  Each municipality or city provides its statistical data in a standardized form… 
3) These dangers have to be characterized as global danger… 
4) Alexander Bell was the man… 
5) We have reached the point… 
6) A good hypothesis often suggests other behaviour of the system… 
 
a) The behaviour of the system may be 
tested by further observation. 


d) They threaten the further existence of 
the today’s civilization and the living on 
earth. 


b) He invented the telephone.  e) They are integral part of city 
emergency services’ operation. 


c) It allows identifying each 
municipality or city.  


f) In this point we cannot afford 
unforeseen problems. 


 
1.3.3. Punctuation of relative clauses  


Relative clauses are either restrictive (necessary) or nonrestrictive 
(unnecessary). Do not use commas with restrictive clauses. Example: The professor 
who teaches my biology class won a Nobel Prize two years ago. (Which professor 
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won a Nobel Prize two years ago? The clause who teaches my biology class is 
necessary to identify the professor.) He won the prize for research that might lead 
to a cure for AIDS. (For which research did he win the prize? We need the clause 
that might lead to a cure for AIDS to tell us.) 


A nonrestrictive clause is not necessary to identify something or someone; it 
merely gives the reader some extra information. Because it can be omitted without 
loss of meaning, separate it from the rest of the sentence with commas.  


Professor Jones, who teaches my biology class, won a Nobel Prize two years 
ago. (The person who won a Nobel Prize is identified by his name, so the clause who 
teaches my biology class is extra, unnecessary information about Professor Jones. If it 
were omitted, we would still know which person won the Nobel Prize.) 


He won the prize for his research into the structure of T-cells, which might 
lead to a cure for AIDS. 


 
Task 11. Underline the relative clause in each sentence. Add commas to the  
  nonrestrictive clauses. 


1. The sun which in forty minutes can produce enough solar energy to meet 
humankind’s needs for a year is one of Earth’s potential sources of power. 


2.  According to an article that appeared in Time magazine we are at the 
beginning of a medical computer revolution. 


3. A medical computer is a machine that analyzes the results of laboratory tests 
and electrocardiograms. 


4. Laser beams which are useful in both medicine and industry were first 
predicted in science fiction stories seventy-five years ago. 


5. Physicians who need patient symptoms into the computer receive a list of 
diseases that fit the symptoms of their patients. 


6. The public is highly critical of the tobacco industry whose profits have been 
increasing in spite of the health risks of smoking. 


7. Carbohydrates which are composed of carbon, hydrogen, and oxygen are 
organic compounds. 


8. X-ray machines are gradually being replaced by machines that can provide 
clearer, more detailed images of the human body, its tissues, and its organs. 


9. X-ray machines are gradually being replaced by CAT scanners and MRI 
devices which can provide clearer, more detailed images of the human body, 
its tissues, and its organs. 


10. The country that has the highest per capita income is not the United States 
which is in third place. 


 
Task 12.  Edit the following essay for errors in relative clauses. You should make 
17 changes. 
El Nino 
 Recently, scientists have begun studying an ocean event who is the cause of 
drastic changes in weather around the world. This event is an increase in the 
temperature of the Pacific Ocean that appears around Christmas off the coast of Peru. 
Hence, the Peruvian fishermen whom first noticed it named it El Nino whose its 
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name means “the Christ child” in Spanish. The causes of this rise in ocean 
temperature are unknown, but its effects are obvious and devastating.  
 One of El Nino’s far-reaching effects is that it threatens Peru’s vital anchovy 
harvest, which could mean higher prices for food. The warm water of El Nino keeps 
the nutrient-rich cold water which provides anchovies with food down at the bottom 
of the ocean. Anchovies are the primary source of fish meal which is the main 
ingredient in livestock and chicken feed. In addition, guano from birds who feed off 
the anchovies is a major source of fertilizer for farmers. As a result of decreasing 
supplies of anchovies and guano, the price of chicken fed, livestock feed, and 
fertilizer rises. This causes farmers who they must pay more for feed and fertilizer, to 
charge more for the food that they produce. The price of eggs, meat, and even bread 
has scared as a result of El Ninos in past years. 
 El Nino has other global effects. It can cause heavy rains, floods, and 
mudslides along the coasts of North and South America and droughts in other parts of 
the world. In the 1982-83 El Nino, West Africa suffered a terrible drought which 
caused crop failures and food shortages. Lack of rain also created problems for 
Indonesia whose forests burned for months during the 1997-98 El Nino. Winds 
spread smoke from these fires as far north as Malaysia and Singapore, resulting in 
choking smog that closed schools and caused pedestrians to don masks. 
 Indeed, El Nino is an unpredictable and uncontrollable phenomenon of nature 
that we need to study it and understand it in order to prepare for and perhaps lessen 
its devastating effects in the future. 
 
1.4. A compound-complex sentence is a combination of two or more independent 
clauses and one (or more) dependent clauses. Many combinations are possible, and 
their punctuation requires careful attention. Examples: 
1. I wanted to travel after I graduated from college; however, I had to go to work 


immediately. 
2. After I graduated from college, I wanted to travel, but I had to go to work 


immediately. 
3. I wanted to travel after I graduated from college, but I had to go to work 


immediately because I had to support my family. 
4. I couldn’t decide where I should work or what I should do, so I did nothing. 
 You punctuate the compound part of a compound-complex sentence like a 
compound sentence; that is, use a semicolon/comma combination (sentence 1), or put 
a comma before a coordinator joining two clauses (sentence 2,3, and 4). 
 You punctuate the complex part like a complex sentence. With adverb clauses, 
put a comma after s dependent clause (sentence 2) but not before them (sentence 3). 
With noun clauses no commas (sentence 4). 
 
1.5 Compound sentences (coordination) versus complex sentences 
(subordination)  
 Note ! Good writing requires a mixture of all four kinds of sentences: simple, 
compound, complex, and compound-complex. An essay or composition with only 
short, simple sentences is boring and ineffective, as is writing that uses too many 
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compound sentences. Writing with complex sentences that use subordination is 
generally considered more mature, interesting, and effective in style. 
 
Task 12.   Compare the two models. The first model is an example of over 
coordination, or writing with too many compound sentences. In the second model, 
some of the coordination has been replaced by subordination – complex sentences.  
  
The People’s Princess 
 Diana, Princess of Wales, was born in Norfolk, England, in 1961, and she died 
in Paris, France, in 1997. People around the world were fascinated by the 
transformation of this shy kindergarten teacher into an independent, self-assured 
young woman. Her sudden death in a car crash while being chased by photographers 
prompted worldwide discussion and grief. 
 Diana Spencer was born to a wealthy, upper-class English family, and she was 
educated in private schools in England and Switzerland. She loved children, so she 
became a kindergarten teacher. She led a quiet life in London, but then she met 
Charles, Prince of Wales, and her life changed dramatically. She and Charles married 
in 1982, and her life as the wife of the future king of England began. She gave birth 
to two sons, and became active in charity work. Diana’s life should have been a 
happy one, but it was not to be. She and Charles began having marital problems, and 
they separated in 1992, and they agreed to divorce in 1996.  
 Diana worked very hard at her job as princess, and she supported many causes, 
especially those related to children and AIDS victims. She lived for only a short time, 
but she touched people all over the world because of her beauty, her compassion fir 
others, and her style. 
 
The People’s Princess 
 Diana, Princess of Wales, was born in Norfolk, England, in 1961, and she died 
in Paris, France, in 1997. People around the world were fascinated by the 
transformation of this shy kindergarten teacher into an independent, self-assured 
young woman. Her sudden death in a car crash while being chased by photographers 
prompted worldwide discussion and grief. 
 Diana Spencer was born to a wealthy, upper-class English family, and she was 
educated in private schools in England and Switzerland. Because she loved children, 
she became a kindergarten teacher, leading a quiet life in London. However, when 
she met Charles, Prince of Wales, and her life changed dramatically. After she and 
Charles married in 1982, her life as the wife of the future king of England began. She 
gave birth to two sons, and became active in charity work. Diana’s life should have 
been a happy one, but it was not to be. She and Charles began having marital 
problems, separating in 1992 and agreeing to divorce in 1996.  
 Diana, who worked very hard at her job as princess, supported many causes, 
especially those related to children and AIDS victims. Even though she lived for only 
a short time, she touched people all over the world because of her beauty, her 
compassion fir others, and her style. 
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Task 13. Change the following compound sentences to complex sentences by 
subordinating one of the clauses. Use the subordination given. Be sure to add the 
subordinator to the correct clauses so that the resulting sentence is logical. 
Example: It was raining, so I took an umbrella to work. (because) 
Not logical: It was raining because I took an umbrella to work. 
Logical: I took an umbrella to work because it was raining. 
 


1. In the former Soviet Union, men and women had access to equal education and 
job opportunities, for that reflected the Soviet philosophy. (since) 


2. The 1937 Soviet constitution declared that women and men had equal rights 
and responsibilities, and women joined the workforce. (after) 


3. Also, millions of Russian men were away in the military during World War II, 
so Russian women filled their places at work. (because) 


4. Soviet women worked full time at their jobs, but they also had the primary 
responsibility for taking care of the family. (although)   
 
Task 14.  Use what you have learned about the four kinds of sentences to improve 
these paragraphs, which contains too many short, simple sentences. Use different 
methods of combining the sentences.  
 


Nonverbal Communication 
 Nonverbal communication, or body language, is used everywhere in the world. 
It is a very powerful means of communication. It communicates much more than 
spoken words. One example of nonverbal communication is what occurs between 
parents and child. Parents smile at their child. They communicate love, acceptance, 
and reassurance. The child feels comfortable and safe. The smile signifies approval. 
The child is happy and well-adjusted. 
 Another example of such communication is the image a person projects in 
public. A woman is walking alone on an unfamiliar and possibly dangerous street. 
She wants to appear confident. She would walk briskly. She may be tired. She should 
walk with her shoulders straight and her head held high. Her easy should be focused 
straight ahaead. Someone is looking at her. She should return the glance without 
hesitation. In contrast a nervous woman will appear afraid. She walks slowly with her 
shoulders drooping and hr eyes looking downward. Indeed, body language can 
express more than spoken language. It is a very strong method of communication. 
People use their body signals carelessly. They can sometimes be misinterpreted.  
 
 


Unit 2. Verb + - ing 
A bit of theory! After several verbs you should use another verb with – ing. 


Example: I can’t imagine George riding a motor-bike. Are you going to give up 
smoking? 
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Task 1. Translate these verbs and expressions after which you should use the verb 
with –ing. Memorize them.  
 
stop enjoy fancy admit consider miss 
finish mind imagine deny involve postpone 
delay suggest regret avoid practice risk 
give up go on put off carry on keep  keep on 
began      
 
Task 2. Complete the sentences with these verbs: try, meet, make, take, look, 
write, eat  


1) Could you please stop … so much noise? 2) I don’t enjoy … letters. 3) Does your 
job involve … a lot of people? 4) I considered … the job but in the end I decided 
against it.  5) He admitted … the car. 6) Why do you keep … at me like that? 7) 
Can you imagine yourself  … a  snake?  
 


Task 3. Rewrite the second sentence with the same meaning. It must include an –ing 
verb. Model:  In my job I don’t travel. = My job doesn’t involve travelling.  


1) I am sorry that I didn’t study harder at the institute. = I regret … 2) It is not a good 
idea to continue the experiment. = It’s better to avoid… 3) Why do you go on 
business trip today? = Why don’t you put off… 4) Could you turn the radio dawn, 
please? = Would you mind… 5) The term “al koh’l” meaning “finely divided” was 
firstly use by  chemist in the early 1500s to determine the vapors that could be forced 
out of certain liquids by heating.  = The chemists began …6) Jack said “Let’s write 
an e-mail to our foreign colleague”= Jack suggested … 


 
Task 4. Complete sentences on your own. 
 
Unit 3. Irregular Plural of Nouns 


A bit of theory! Latin, Greek and French plurals occur in a number of words 
borrowed from these Languages. In scientific context their plurals are as follows.  
 


Model Singular 
Ending 


Example Plural 
Ending


Example Pronunciation 


1 -us radius -i radii [ ai ] / [ i: ] 
2 -us genus, 


corpus 
-era, / -


ora 
genera, 
corpora 


[  ərə ] 


3 -a antenna -ae antennae [  ai ] / [ i: ] 
4 -um curriculum -a curricula [ə ] 
5 -is analysis -es analyses [ i:z] 
6 -on criterion -a criteria [ə] 
7 -ex/-ix appendix -ices appendices [ isi:z] 
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8 -eau[əu] bureau -eaux bureaux [əu] / [əuz] 
 
 Task 1.  Make plurals according to the model given in the brackets. 
Plateau (8); index (7); stimulus (1); medium (4); formula (3); nucleus (1); corpus (2); 
symposium (4); crisis (5); basis (5); tableau (8); matrix (7); phenomenon (6); 
memorandum (4); axis (5); hypothesis (5); theses (5). 
 
Task 2. Choose necessary form of the noun. 
1) The (data, datum) of the experiment are given in the table. 2) These (phenomenon, 
phenomena) were widely discussed in all scientific journals. 3) There was no 
(hypothesis, hypotheses) of the origin of that strange (phenomenon, phenomena). 4) 
The financial (crisis, crises) was quite evident in the region. 5) All (analysis, 
analyses) were done under the laboratory conditions. 6) The speaker presented all 
(criterion, criteria) for comparison. 7) These (formula, formulae) must be explained 
in the foot-note.  
 
Task 3. Translate into English. 
1) Считают, что эта гипотеза не подтверждена экспериментально. 2) Все 
данные экспериментов представлены графически.  3) Указанное явление 
является результатом нарушения техники безопасности. 4) Экономический 
анализ ситуации указывают на наличие кризиса в данном регионе. 5) Для 
расчетов мы использовали специальные формулы.  6) Радиус действия новой 
установки значительно больше. 7) Для сравнения использовались не только 
статистические, но и некоторые другие критерии.  8) В этой формуле есть 
ошибка. 9) У нас  не хватает данных.   


 


Unit 4. The Passive Voice 
A bit of theory! In scientific context we often prefer the passive when it is not 


so important who or what did the action.  Example: The world fire statistics for 2006 
are based on data from 37 countries.  If you want to say who or what did the action 
use the preposition “by”.  Example: The latest report N 13 was presented by the 
Center of Fire Statistics (CFS).  


In passive sentences we use the correct form of “be” (is / are / was / were / has 
been   etc.) + the past participle: (be) done, (be) presented, (be) built, (be) based, (be) 
reported.  


The passive construction may include a modal verb (will, must, can), so you 
should use the passive infinitive. Example: Table 1.2.4. must be read with caution.  
 
Task 1. Change the sentences using the passive voice.  
1) A prominent journal has published our scientific report.  2) They found the highest 
fire death rates relative to population in Russia.  3) The author deleted two tables 
from previous report. 4) In New Zeeland only a small fraction of the country’s fire 
service can offer medical aid. 5) You must read Table 3 with caution because of often 
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substantial differences in reporting categories among countries. 6) Tables 1 and 2 
show trend in fires, fire deaths and fire fighters deaths in the country of the world. 
The researchers use the simulation to predict possible reaction of the whole system.  
 
Task 2. Open the brackets use the passive voice.  
1) Oils can (to divide) into three main groups: animal, vegetation, mineral. 2) Better 
cooperation and information (to need) to combat environmental crimes in Europe. 3) 
Practically all events happening in the time period of the emergency call (to integrate) 
in the modeling process. 4) After simulation (to complete), the user can get 
practically any data segment for analysis. 5) The aggressive acts (to drive) by this or 
that individual group to enforce its interests. 6) The danger of fire (to release) by 
human beings themselves – by bad intention or inability to handle fire.  7) The 
industrial revolution (to accompany) by new type of dangers (chemicals, 
radioactivity, information collapses ets).  
 
Task 3. Translate into English using the passive voice.   
1) Эти опасные ситуации должны быть охарактеризованы как глобальные  
опасности, угрожающие будущему цивилизации и жизни на земле. 2) Такие 
термины как «риск», «опасность», «безопасность» должны обсуждаться более 
интенсивно.  3) Часто этот термин используется интуитивно в связи с термином 
«риск».  4)  Другое определение можно найти в энциклопедии. 5) Это написано 
во всех нормативных документах и инструкциях. 6) Здесь можно упомянуть   
десятки примеров из различных источников.  7) Итак, из предыдущего можно 
сделать следующее заключение.  
  
 


Appendix 
Comments on Foreign Language Post-Graduate Course Examination  
Требования к содержанию кандидатского экзамена 


Право сдачи экзамена предоставляется магистрантам и аспирантам,  
выполнившим в полном объеме программу курса и представившим итоговую 
письменную работу (досье) в русле выполняемого или предполагаемого 
исследования. 


Требования к письменной работе: объем самостоятельно прочитанного и 
переработанного   материала на иностранном языке должен составлять не менее 
250 000 печатных знаков (100 страниц).  Итоговая письменная работа (досье) 
включает:  
- краткую характеристику области научных интересов аспиранта, магистранта 
(2000 – 2500 знаков);   
- словарь или глоссарий специальных терминов, отобранных при работе над 
материалом (1 страница) 
- реферат на иностранном языке,  составленный на основании прочитанного и 
переработанного материала (5 000 знаков или две страницы);  
- переводы на русский язык (6 страниц или 15 000 знаков)  наиболее 
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интересных разделов специальной литературы;   
- ксерокопии оригиналов представляемых переводов.  


Отбор текстов для чтения, реферирования и перевода осуществляется с 
учетом значимости этого материала для научной работы. 


Требования к кандидатскому экзамену: 
Письменная часть: 
Письменный перевод оригинального текста по специальности со словарем 


на русский (белорусский) язык в соответствии со стилистическими нормами 
этих языков. 


Объем - 2 250 печатных знаков. Время перевода - 45 минут. Форма про-
верки - чтение текста на иностранном языке вслух (выборочно) и проверка вы-
полненного перевода. 


Устная часть: 
1. Ознакомительное чтение оригинального текста по специальности без 
словаря.  
Объем 1 500–1 600 печатных знаков. Время подготовки – 5 минут. Форма 
проверки – передача содержания текста на иностранном языке.  
2. Изложение на иностранном языке оригинального текста социокультурной 
направленности, научного, культурологического, экологического и т.п. 
содержания. Объем 1 500–1 800 печатных знаков. Время подготовки – 15 
минут.  
3. Беседа (презентация)   на иностранном языке по тематике, связанной со 
специальностью и научной деятельностью адъюнкта (магистра).  


- научное направление, в рамках которого работает аспирант (магистр); 
- предмет, объект, материал исследования; 
- актуальность, научная значимость выполняемого исследования; 
- состояние проблемы; гипотеза, положенная в основу исследования; 
- методы анализа материала; 
- практическая значимость и перспективы дальнейших научных изыска-


ний, вытекающие из работы; 
- международные контакты в рамках профессиональной и научной дея-


тельности; 
- научно-исследовательская деятельность научного руководителя; 
- учеба в аспирантуре и последующая карьера. 
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		В НАЧАЛО






Итоговый контроль проводится в форме кандидатского экзамена по 
общеобразовательной дисциплине "Иностранный язык". 


На кандидатском экзамене по общеобразовательной дисциплине 
"Иностранный язык" обучающийся должен продемонстрировать умение 
пользоваться иностранным языком как средством профессионального 
общения в научной сфере. 


Право на сдачу кандидатского экзамена по общеобразовательной 
дисциплине "Иностранный язык" получает обучающийся, выполнивший в 
полном объеме требования, предъявляемые программой-минимумом, и 
представивший обзорный реферат (тематический или сводный) на 
иностранном языке. Реферат должен быть подготовлен на материале 
письменных переводов научной литературы по теме диссертационного 
исследования и сопровожден краткой аннотацией на русском, белорусском и 
иностранном языках, перечнем переведенной литературы и словарем 
научных терминов по специальности с русскими эквивалентами (не менее 
300 лексических единиц). 


Кандидатский экзамен по общеобразовательной дисциплине 
"Иностранный язык (английский), включает следующие задания: 


1. Письменный перевод со словарем научного текста по специальности 
на русский/белорусский язык. Объем текста - 2000 печатных знаков.   Время 
выполнения перевода - 45 минут. Форма контроля - чтение текста на 
иностранном языке вслух и проверка выполненного перевода. 


2. Чтение оригинального текста по специальности без словаря. Объем 
текста - 1500 - 1600 печатных знаков. Время подготовки - 5 - 7 минут. Форма 
контроля - передача общего содержания текста на иностранном языке. 


3. Чтение иноязычного текста социокультурной направленности и 
изложение его основного содержания на иностранном языке. Объем текста - 
1500 - 2000 печатных знаков. Время подготовки - 15 минут. 


4. Беседа на иностранном языке по тематике, связанной с научной 
деятельностью и диссертационным исследованием обучающегося (тема 
исследования, актуальность и новизна, материалы и методы исследования, 
полученные результаты и выводы). 
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